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(54) Internal combustion engine with heat accumulating device 



(57) An electronic control unit (ECU) (30) of an en- 
gine system (100) starts a control (preheat) for supply- 
ing heat reserving hot water stored in a heat accumu- 
lating device (21) to an engine (10) prior to an engine 
start. The ECU (30) determines a time for continuing the 
preheat on the basis of a cooling water temperature of 
the engine (10) so as to execute the engine start after 
a warming-up of the engine ( 1 0) is reliably finished. Fur- 
ther, during the execution of the preheat, a lighting lamp 
(28) is turned on, and that incidence is recognized to a 
driver. When the preheat is completed, the ECU (30) au- 
tomatically starts the engine (1 0). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of Invention 

[0001 ] The invention relates to an internal combustion 
engine provided with a heat accumulating device having 
a function of temporarily accumulating a heat, whereby 
the heat stored in the heat accumulating device is sup- 
plied via a heat transfer medium such as a cooling water 
or the like so as to perform a warming up, and more par- 
ticularly to a realization of a control configuration pref- 
erably applied to control an operation of the internal 
combustion engine. 

2. Description of Related Art 

[0002] In general, for an internal combustion engine 
mounted on a vehicle such as a motor vehicle, when the 
engine is driven in a state that a temperature in the pe- 
riphery of a combustion chamber does not reach a pre- 
determined temperature (a cooling state), there is gen- 
erated a problem such that the fuel supplied to the com- 
bustion chamber is not sufficiently atomized or the like, 
thereby deteriorating an exhaust characteristics (emis- 
sion) and a fuel economy performance. Accordingly, 
such an engine operation is not preferable. 
[0003] However, in actual, with the exception of a re- 
starting time after the engine temporarily stops, it is un- 
avoidable to drive the engine in a cold state during a 
period between the engine start time and the warming- 
up completing time, at almost every time of starting the 
engine operation. 

[0004] In response to the problem mentioned above, 
there has been known a heat accumulating device hav- 
ing a function of storing a heat generated during the op- 
eration of the internal combustion engine in a predeter- 
mined heat accumulating device and discharging the 
heat to the engine under the cold state. 
[0005] For example, a heat accumulating device of an 
internal combustion engine described in Japanese Pat- 
ent Application No. HEI6-1 85359 is structured such as 
to store a part of a cooling water heated due to a heat 
radiation of the engine in a heat insulation state even 
after the engine stops and release the heated cooling 
water to a cooling system (a cooling passage of the en- 
gine) at a next engine start, thereby quickly warming the 
engine. 

[0006] In this case, in order to shorten a required time 
for the warming up which the internal combustion engine 
performs by its own ability, in view of increasing a 
chance to utilize the warming-up effect given by the heat 
accumulating device, it is most preferable to start the 
warming-up process of the internal combustion engine 
performed by using the heat accumulating device men- 
tioned above before the engine is started, and complete 
the warming-up process at a time when the engine is 



started. If an executing timing of the warming-up proc- 
ess is too early, the once increased temperature of the 
engine is again cooled before the engine is started, or 
if the executing timing is too late, the engine is driven in 
5 a state that the warming up is not completed and the 
heat stored in the heat accumulating device is not suf- 
ficiently made good use. 

[0007] However, as a matter of fact, it is hard to accu- 
rately forecast the timing for starting the engine which 
10 is performed on the basis of intention of a driver, by a 
control device of the engine or the like. Further, in the 
case of leaving the executing timing of the warming-up 
process up to the driver, not only an operation of the 
driver becomes complex at a time when the engine 
'5 starts, but also it becomes hard to know a period at 
which the heat stored in the heat accumulating device 
is made best use and accurately select such a period 
so as to perform the warming up. 

SUMMARY OF THE INVENTION 

[0008] The invention relates to a warming up of an in- 
ternal combustion engine utilizing a heat stored in a heat 
accumulating device, and one object of the invention is 
to provide an internal combustion engine with a heat ac- 
cumulating device which can preferably increase to uti- 
lize a warming-up function given by the heat accumu- 
lating device, by setting an optimum executing timing 
and notifying a driver of information concerning an exe- 
cuting process by way of a proper form. 
[0009] According to an aspect of the invention, there 
is provided an internal combustion engine with a heat 
accumulating device for storing a heat, in which the heat 
stored in the heat accumulating device is supplied 
through a predetermined heat transfer medium, where- 
by a warming-up process is executed before the engine 
is started, 

wherein the internal combustion engine compris- 
es: 

period determining means for determining an exe- 
cuting period of the warming-up process; and 
warming-up process communicating means for 
communicating that the warming-up process is ex- 
ecuted during the period that the warming-up proc- 
ess is executed. 

[001 0] In this case, the engine start refers to any one 
of every relevant operations including incident opera- 
tions performed together with an initial operation of the 
engine itself mentioned above, for example, an ignition 
key operation, a pedal operation, a steering operation 
and the like performed on the basis of a driver's inten- 
tion, in addition to the initial operation performed by the 
engine itself at a time when the engine is started, for 
example, a fuel supply starting operation, an ignition 
starting operation, an output shaft rotation starting op- 
eration or the like, or a combination of the various kinds 
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of relevant operations mentioned above. Further, the ex- 
ecution of the warming-up process refers to an opera- 
tion east the warming-up process is started. 
[0011] According to the aspect mentioned above, 
since the incidence that the warming-up operation is ex- 5 
ecuted can be known during a period between the start 
of the warming-up process and the completion thereof, 
for example, by the driver of the internal combustion en- 
gine, no sense of discomfort is generated in the driver, 
and the chance to utilize the warming-up process prior 
to the start of the internal combustion engine can be suf- 
ficiently obtained. 

[0012] Further, it is preferable that the internal com- 
bustion engine with the heat accumulating device com- 
prises start operation invalidating means for canceling 
the start operation of the internal combustion engine 
during the executing period of the warming-up process. 
[0013] According to the aspect mentioned above, 
since a sufficient amount of heat is supplied to the inter- 
nal combustion engine and the engine starting is started 
in a state that an optimization of the engine temperature 
is reliably completed, the combustion state becomes 
stable immediately after the engine is started, and pref- 
erable exhaust characteristics and fuel economy per- 
formance can be secured. 

[0014] Further, it is preferable that the heat is supplied 
to the internal combustion engine through a predeter- 
mined heat transfer medium, even after the executing 
period for the warming-up process, 
[0015] Even in the case that the warming-up process 
is completed, in most cases, the temperature of the in- 
ternal combustion engine does not reach the tempera- 
ture of the supplied heattransfermedium,thatis, in most 
cases, there is at least room that the heat contained in 
the heat transfer medium is transmitted to the internal 
combustion engine and circulated around further down 
to detail. According to the aspect mentioned above, the 
heat is continuously supplied to the internal combustion 
engine even after the executing period for the warming- 
up process. Accordingly, the heat supplied from the heat 
accumulating device through the heat transfer medium 
is more preferably circulated around further down to de- 
tail of the internal combustion engine. Accordingly, it be- 
comes possible to make use of the heat stored more 
effectively in the heat accumulating device. 
[001 6] Further, it is preferable that the heat supply to 
the internal combustion engine through the predeter- 
mined heat transfer medium is stopped in synchronized 
with the starting period of the internal combustion en- 
gine. 

[0017] According to the aspect mentioned above, 
since the heat stored in the heat accumulating device is 
supplied until the start of the internal combustion engine, 
the heat stored in the heat accumulating device can be 
utilized at a maximum for warming up the internal com- 
bustion engine. 

[0018] Further, it is preferable that the heat supply is 
stopped when an amount of heat stored in the heat ac- 



cumulating device becomes lower than a predetermined 
value. 

[0019] In general, the amount of heat that can be 
stored in the heat accumulating device has a limit. Ac- 
cordingly, for example, when the heat stored in the heat 
accumulating device to be used for warming up the in- 
ternal combustion engine, or the heat transfer medium 
keeping the heat is completely used, the heat transfer 
medium keeping no amount of heat for increasing the 
temperature of the internal combustion engine is 
brought into contact with the internal combustion en- 
gine. According to the aspect mentioned above, since 
the warming-up process is continued until the heat 
transfer medium keeping the amount of heat for increas- 
ing the temperature of the internal combustion engine 
is completely used, the warming-up capacity for the in- 
ternal combustion engine given by the heat accumulat- 
ing device is made maximum use of. Further, the heat 
transfer medium having no warming-up effect is not un- 
necessarily brought into contact with the internal com- 
bustion engine. 

[0020] Further, it is preferable that the internal com- 
bustion engine with the heat accumulating device com- 
prises start control means for automatically starting the 
internal combustion engine after the executing period of 
the warming-up process has passed. 
[0021 ] According to the aspect mentioned above, it is 
possible to automatically perform a series of operations 
executed during the period after the heat supply to the 
internal combustion engine is started by the heat accu- 
mulating device and until the internal combustion engine 
is started, with no manual operation by the driver. That 
is, it is possible to preferably and automatically secure 
the chance of making good use of the warming-up effect 
performed by the heat accumulating device. According- 
ly, it is possible to start the operation of the internal com- 
bustion engine while intending to optimize the exhaust 
characteristics and the fuel economy performance at a 
time of starting the internal combustion engine without 
accompanying any troublesome operation for the driver. 
[0022] Further, it is preferable that the internal com- 
bustion engine with the heat accumulating device com- 
prises start notifying means for notifying the start of the 
internal combustion engine prior to the automatic start 
of the internal combustion engine. The start notifying 
means is provided within an engine room of the vehicle 
to which the internal combustion engine is mounted. 
[0023] According to the aspect mentioned above, 
even in the case that the engine room is open, the no- 
tification is given prior to the automatic start of the inter- 
nal combustion engine, so that for example, a mainte- 
nance worker, the driver and the like present in the pe- 
riphery of the engine room can recognize that the auto- 
matic start of the internal combustion engine is prede- 
termined. Accordingly, the maintenance worker, the 
driver and the like are not surprised by an unexpected 
start of the internal combustion engine. 
[0024] Further, it is preferable that the internal com- 
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bustion engine with the heat accumulating device com- 
prises an invalidating operation portion for applying an 
operation of invalidating the automatic start of the inter- 
nal combustion engine from outside of the internal com- 
bustion engine. The invalidating operation portion is pro- 
vided within the engine room of the vehicle on which the 
internal combustion engine is mounted. 
[0025] According to the aspect mentioned above, the 
maintenance operator, the driver and the like of the in- 
ternal combustion engine can optionally abandon the 
automatic start of the internal combustion engine as oc- 
casion demands. Accordingly, for example, it is possible 
to improve a convenience for the maintenance work or 
the like of the internal combustion engine. 
[0026] Further, it is preferable that the internal com- 
bustion engine with the heat accumulating device com- 
prises open state recognizing means for recognizing 
whether or not the engine room of the vehicle on which 
the internal combustion engine is mounted is in an open 
state, and invalidating control means for controlling so 
as to invalidate the automatic start of the internal com- 
bustion engine in the case that it is recognized that the 
engine room is in the open state. 
[0027] According to the aspect mentioned above, in 
the case that the engine room is in the open state, the 
internal combustion engine is automatically started. Ac- 
cordingly, the maintenance worker, the driver and the 
like present around the engine room are not surprised 
by the unexpected start of the internal combustion en- 
gine. 

[0028] Further, it is preferable that the internal com- 
bustion engine with the heat accumulating device com- 
prises an inhibiting operation portion for performing an 
operation of inhibiting the execution of the control ap- 
plied by the invalidating control means from outside of 
the internal combustion engine. The inhibiting operation 
portion is provided within the engine room of the vehicle 
on which the internal combustion engine is mounted. 
[0029] According to the aspect mentioned above, it is 
possible to effectively apply the automatic start of the 
internal combustion engine in accordance with an op- 
tional intention of the maintenance worker, the driver 
and the like of the internal combustion engine. Accord- 
ingly, it is possible to further improve the convenience 
for the maintenance worker, the driver and the like of the 
internal combustion engine. 

[0030] Further, it is preferable that the internal com- 
bustion engine with the heat accumulating device com- 
prises starting means for starting the internal combus- 
tion engine in accordance with a predetermined operat- 
ing signal during the execution of the warming-up proc- 
ess. 

[0031 ] According to the aspect mentioned above, it is 
possible to execute the engine start prior to the warm- 
ing-up process, in accordance with the intention of the 
driver of the internal combustion engine. 
[0032] Further, it is preferable that the period setting 
means sets the executing period of the warming-up 



process at a time of starting the warming-up process. 
[0033] According to the aspect mentioned above, the 
executing period of the warming-up process is set at a 
time of starting the warming-up process. Accordingly, it 

5 is possible to accurately set the period for which the 
warming-up effect utilizing the heat accumulating device 
can be used to the full. Further, together with setting the 
predetermined period, it is easy to control so as to inform 
the driver and the like of the internal combustion engine 

10 of, for example, the set contents. Accordingly, during the 
period for which the warming-up process is executed, 
the driver and the like of the internal combustion engine 
does not feel any sense of discomfort or a physical 
stress. 

15 [0034] Further, it is preferable that the period setting 
means sets the executing period of the warming-up 
process on the basis of parameters with respect to a 
temperature of the internal combustion engine. 
[0035] Since the temperature of the internal combus- 

20 tion engine has a high correlation with the amount of 
heat required for the internal combustion engine to com- 
plete the engine warming-up, according to the aspect 
mentioned above, it is possible to accurately set the pe- 
riod necessary and sufficient for completing the engine 

25 warming-up. That is, the driver of the internal combus- 
tion engine is not required to wait for a longer time than 
a predetermined period until the warming-up process is 
completed. 

[0036] Further, it is preferable that the parameters 
30 with respect to the temperature of the internal combus- 
tion engine include a temperature of a wall portion in the 
intake port. 

[0037] In the internal combustion engine, the state in 
which the warming-up process is completed corre- 

35 sponds to a state in which the engine is sufficiently 
warmed up and the supplied fuel is sufficiently atomized 
even when the engine drive is performed. The state 
mentioned above has a high correlation with, for exam- 
ple, the temperature of the wall portion in the intake port 
having a substantially definite relation to the atomization 
of the supplied fuel. According to the aspect mentioned 
above, a parameter having a high reliability is added in 
view of judging the period until the warming-up is com- 
pleted. Accordingly, the engine start takes place after 

45 the engine is reliably got out the cold state, so that it is 
possible to reliably eliminate the deterioration of the ex- 
haust characteristics and the fuel economy perform- 
ance which is peculiar to the cold start time. 
[0038] Further, it is preferable that the period setting 

so means sets the executing period for the warming-up 
process on the basis of the temperature of the heat 
transfer medium. 

[0039] At a time of executing the warming-up process, 
the temperature of the heat transfer medium constituting 
55 the heat source for increasing the temperature of the 
internal combustion engine has a high correlation with 
the time required for the internal combustion engine to 
complete the engine warming-up. Accordingly, accord- 
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ing to the aspect mentioned above, it is also possible to 
accurately set a necessary and sufficient period for com- 
pleting the engine warming-up. That is, the driver of the 
internal combustion engine is not required to wait for a 
longer time than the predetermined period until the 
warming-up process is completed. 
[0040] In this case, the temperature of the internal 
combustion engine and the temperature of the heat 
transfer medium determine a period required for com- 
pleting the engine warming-up, as mutually independent 
parameters. Accordingly, if the executing period of the 
warming-up process is set by referring to both of the pa- 
rameters, it is possible to further accurately set the pe- 
riod necessary and sufficient for completing the engine 
warming-up. 

[0041] Further, it is preferable that the internal com- 
bustion engine with the heat accumulating device com- 
prises a pump for transferring the heat transfer medium 
from the heat accumulating device to the internal com- 
bustion engine, and the period setting means sets the 
executing period of the warming-up process on the ba- 
sis of a transfer speed of the heat transfer medium, 
[0042] Since the transfer speed of the heat transfer 
medium is associated with the heat transfer speed from 
the heat accumulating device to the internal combustion 
engine, according to the aspect mentioned above, it is 
also possible to further accurately set the period neces- 
sary and sufficient for completing the engine warming- 
up. In this case, means for changing the transfer speed 
of the heat transfer medium may be added to the aspect 
mentioned above, and the period necessary for com- 
pleting the engine warming-up may be controlled to a 
desired length. 

[0043] Further, it is preferable that the internal com- 
bustion engine with the heat accumulating device com- 
prises an electric pump for transferring the heat transfer 
medium from the heat accumulating device to the inter- 
nal combustion engine, and the period setting means 
sets the executing period of the warming-up process on 
the basis of a drive voltage applied to the electric pump. 
[0044] I n the case that the electric pump is employed 
as the means for transferring the heat transfer medium, 
the drive voltage applied to the electric pump deter- 
mines at least one of the transfer speed and a flow 
amount of the heat transfer medium. Since the transfer 
speed of the heat transfer medium is associated with 
the heat transfer speed from the heat accumulating de- 
vice to the internal combustion engine, according to the 
aspect mentioned above, it is also possible to further 
accurately set the period necessary and sufficient for 
completing the engine warming-up. 
[0045] Further, it is preferable that the internal com- 
bustion engine with the heat accumulating device corn- 
rises finish timing setting means for setting a finish tim- 
ing of the executing period of the warming-up process 
after the warming-up process takes place. 
[0046] According to the aspect mentioned above, a 
proper finish timing of the warming-up process can be 



determined in accordance with an actual warming-up 
state. Accordingly, with respect to the warming-up proc- 
ess of the internal combustion engine performed by the 
heat accumulating device, a reliability can be improved. 

5 [0047] Further, it is preferable that the finish timing 
setting means sets the finish timing of the executing pe- 
riod of the warming-up process on the basis of the pa- 
rameter with respect to the temperature of the internal 
combustion engine. 

10 [0048] According to the aspect mentioned above, 
since the proper finish timing of the warming-up process 
is determined on the basis of the parameter accurately 
reflecting a degree of progress of the warming-up, in ac- 
cordance with the actual warming-up state, a reliability 

15 can be further improved in connection to the warming- 
up process of the internal combustion engine performed 
by the heat accumulating device. 
[0049] Further, it is preferable that the internal com- 
bustion engine with the heat accumulating device com- 

20 prises a discharge portion for discharging the supplied 
heat transfer medium, and the parameters with respect 
to the temperature of the internal combustion engine in- 
clude a temperature of the heat transfer medium dis- 
charged from the internal combustion engine through 

25 the discharge portion. 

[0050] At a time of executing the warming-up process, 
if an efficient heat exchange is executed between the 
internal combustion engine and the heat transfer medi- 
um, the heat transfer medium is supplied to the internal 

30 combustion engine from the heat accumulating device. 
Then, the temperature of the heat transfer medium is 
simply reduced during a series of processes that the 
heat transfer medium is discharged from the internal 
combustion engine after exchanging heat with the inter- 
as nal combustion engine. Further, since the more the tem- 
perature of the internal combustion engine is increased 
so as to be closer to the temperature of the heat transfer 
medium, the less the amount of heat exchanged be- 
tween the internal combustion engine and the heat 

40 transfer medium, the temperature of the heat transfer 
medium discharged from the internal combustion en- 
gine becomes increased. As a result, the temperature 
of the heat transfer medium discharged from the internal 
combustion engine is the lowest temperature observed 

45 j n the transfer path of the heat transfer medium from the 
heat accumulating device to the internal combustion en- 
gine, and corresponds to the parameter accurately re- 
flecting the temperature of the internal combustion en- 
gine at that time. Accordingly, for example, in the case 

so that the temperature of the heat transfer medium at a 
time of being discharged from the internal combustion 
engine exceeds a predetermined temperature, it is sup- 
posed that the temperature of the internal combustion 
engine main body is also sufficiently increased. Accord- 

55 ing to the aspect mentioned above, accurate information 
with respect to the timing of finishing the warming-up 
can be reflected to the control of the warming-up proc- 
ess by setting the finish timing of the executing period 
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of the warming-up process with reference to the temper- 
ature of the heat transfer medium observed at a portion 
having the lowest temperature of the heat transfer me- 
dium among the transfer path of the heat transfer medi- 
um from the heat accumulating device to the internal 5 
combustion engine. 

[0051] Further, it is preferable that the warming-up 
process communicating means comprises execution 
notifying means for giving at least one of a visual and 
auditory notification as a guide that the warming-up 10 
process is executed. The execution notifying means is 
provided with in a passenger compartment of the vehicle 
on which the internal combustion engine is mounted. 
[0052] According to the aspect mentioned above, for 
example, the driver and the like of the internal combus- is 
tion engine can easily and reliably recognize (conform) 
that the warming-up process is executed. 
[0053] Further, it is preferable that the internal com- 
bustion engine with the heat accumulating device com- 
prises judging means for judging whether or not the 20 
warming-up process should be executed and inexecu- 
tion notifying means for notifying in at least one of a vis- 
ual and auditory manner that the warming-up process 
is not executed in the case that the judging means judg- 
es that the warming-up process should not be executed. 25 
[0054] According to the aspect mentioned above, in 
the case that the warming-up process is not executed 
under a positive judgement by the judging means, the 
driver and the like of the internal combustion engine 
does not mistake, for example, the heat accumulating 30 
device for being out of order or the like by recognizing 
the judged result. 

[0055] Further, it is preferable that the execution of the 
warming-up process is started in accordance with a 
communication signal from outside of the vehicle on 35 
which the internal combustion engine is mounted. 
[0056] According to the aspect mentioned above, 
since the driver of the internal combustion engine can 
freely execute the warming-up process according to a 
remote operation or the like, the convenience is im- 40 
proved at a time of executing the warming-up process. 
[0057] Further, it is preferable that the execution of the 
warming-up process takes place in accordance with the 
predetermined operation applied to the vehicle on which 
the engine is mounted, prior to the start of the internal 45 
combustion engine. 

[0058] In this case, it is preferable that the predeter- 
mined operation selects a necessary operation prior to 
the engine start and an operation sufficiently and reliably 
reproduced at a period from the timing of the operation 50 
to the timing of the engine start. 
[0059] According to the aspect mentioned above, at 
a time of executing the warming-up process, a quanti- 
tatively stable executing period can be secured even be- 
fore the engine start takes place. Accordingly, the warm- *s 
ing-up process can be made more efficient. 
[0060] In this case, the aspects mentioned above can 
be combined as much as possible. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0061] 

Fig. 1 is a schematic diagram showing an engine 
system to be mounted on a vehicle to which an in- 
ternal combustion engine with a heat accumulating 
device according to a first embodiment of the inven- 
tion is applied. 

Fig. 2 is a schematic view showing a cross sectional 
structure in the periphery of a combustion chamber 
in a partly enlarged manner, with respect to the en- 
gine according to the first embodiment. 
Figs. 3A to 3C are schematic diagrams schemati- 
cally showing the engine system according to the 
first embodiment. 

Fig. 4 is a time chart showing a temperature transi- 
tion of a cylinder head as a result of experimentally 
modifying an operating mode of an electric pump in 
a heat accumulating device. 
Fig. 5 is a flow chart showing a basic procedure of 
a preheat control according to the first embodiment. 
Fig. 6 is a flow chart showing a procedure of a pre- 
heat control according to the first embodiment. 
Fig. 7 is a plan view of a key cylinder according to 
the first embodiment as seen toward an inserting 
direction of an ignition key. 
Fig. 8 is a plan view schematically showing an indi- 
cator panel comprised on the side of a driver's seat 
of a vehicle on which the engine system according 
to the first embodiment is mounted. 
Fig. 9 is a time chart showing a timing of a series of 
operation from an operation of opening a door on 
the side of driver's seat to an operation of a starter. 
Fig. 1 0 is a flow chart showing a procedure of a pre- 
heat control according to a second embodiment of 
the invention. 

Fig. 11 is a flow chart showing a procedure of a pre- 
heat control according to a third embodiment of the 
invention. 

Fig. 12 is a plan view schematically showing an in- 
dicator panel comprised on the side of a driver's 
seat of a vehicle on which the engine system ac- 
cording to the third embodiment is mounted. 
Fig. 13 is a plan view of a key cylinder according to 
a fourth embodiment of the invention as viewed to- 
ward an inserting direction of an ignition key. 
Fig. 1 4 is a flow chart showing a preheat control pro- 
cedure according to the embodiment mentioned 
above. 

Fig. 1 5 is a flow chart showing a preheat control pro- 
cedure according to a fifth embodiment of the inven- 
tion. 

Fig. 1 6 is a flowchart showing a preheat control pro- 
cedure according to a sixth embodiment of the in- 
vention. 

Fig. 1 7 is a graph showing a relation between a pre- 
heat time and a temperature of cooling water on a 
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map applied in the sixth embodiment of the inven- 
tion. 

Fig. 18 is a flow chart showing a preheat control pro- 
cedure according to a seventh embodiment of the 
invention. 5 
Fig. 1 9 is a graph showing a relation between a pre- 
heat time and a temperature of heat regenerated 
hot water on a map applied in the seventh embod- 
iment. 

Fig. 20 is a flow chart showing a preheat control pro- 10 
cedure according to an eighth embodiment of the 
invention. 

Fig. 21 is a plan view schematically showing an in- 
dicator panel comprised on the side of a driver's 
seat of a vehicle on which the engine system ac- 15 
cording to the eighth embodiment is mounted; and 
Fig. 22 is a flow chart showing a preheat control pro- 
cedure according to a ninth embodiment of the in- 
vention. 

Fig. 23 is a schematic view showing a cross sec- 20 
tional structure in the periphery of a combustion 
chamber in a partly enlarged manner, with respect 
to an engine according to a tenth embodiment of 
the invention. 

Fig. 24 is a flow chart showing a preheat control pro- 25 
cedure according to the tenth embodiment. 
Fig. 25 is a flow chart showing a start procedure of 
the engine according to the tenth embodiment. 
Fig. 26 is a flow chart showing a preheat control pro- 
cedure according to an eleventh embodiment of the 30 
invention. 

Fig. 27 is a time chart showing one example of a 
transition pattern of heat regenerated hot water and 
engine outflow water observed after starting the 
preheat. 35 
Fig. 28 is a perspective view schematically showing 
an outer appearance of a vehicle on which an en- 
gine system according to a twelfth embodiment of 
the invention is mounted. 

Fig. 29 is a flow chart showing a preheat control pro- *o 
cedure according to the twelfth embodiment. 
Fig. 30 is a flow chart showing the preheat control 
procedure according to the twelfth embodiment. 
Fig. 3 1 is a flow chart showing a preheat control pro- 
cedure according to a thirteenth embodiment of the 45 
invention. 

Fig. 32 is a schematic view schematically showing 
an engine system according to another embodi- 
ment. 

Fig. 33 is a schematic view schematically showing 50 
an engine system according to another embodi- 
ment. 



DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

(First Embodiment) 

[0062] Hereafter, a first embodiment in which an in- 
ternal combustion engine with a heat accumulating de- 
vice according to the invention is applied to an engine 
system to be mounted on a vehicle will be explained, 
with reference to the accompanying drawings. 
[0063] Fig. 1 shows a schematic structure of the en- 
gine system used for being amounted on the vehicle ac- 
cording to the present embodiment. 
[0064] As shown in Fig. 1 , an engine system to be 
mounted on the vehicle (hereinafter, simply referred to 
as an engine system 1 00) used as a prime mover of the 
vehicle is mainly constituted by an engine main body 
(hereinafter, simply referred to as an engine) 10, a cool- 
ing system 20 and an electronic control unit (ECU) 30. 
[0065] The engine 10 is schematically formed in a 
manner that a cylinder block 10a as a lower member 
and a cylinder head 1 0b as an upper member are closed 
to and combined with each other. Four combustion 
chambers (not shown) and intake and exhaust ports (not 
shown) communicating the respective combustion 
chambers with the outside are formed in an in ner portion 
of the engine 10. The engine 10 obtains a rotational 
torque in an output shaft (not shown) by exploding and 
burning mixed gas (mixed gas of an ambient air and a 
fuel) supplied through an intake port. 
[0066] The cooling system 20 is constituted by a cir- 
culating passage (a water jacket) A formed in such a 
manner as to surround an outer periphery of the respec- 
tive combustion chambers and the intake and exhaust 
ports within the engine 10, a circulating passage B cir- 
culating cooling water between the engine 1 0 and a heat 
accumulating device 21 , a circulating passage C circu- 
lating cooling water (a cooling medium) between the en- 
gine 10 and a radiator 22, and a circulating passage D 
circulating cooling water between the engine 10 and a 
heater core for heating 23. Further, a part of the circu- 
lating passage A is commonly used as a part of each of 
the circulating passages B, C and D. Further, the circu- 
lating passage A can be substantially separated into a 
circulating passage A1 formed within the cylinder block 
1 0a, a passage A2 formed within the cylinder head 1 0b, 
and a bypass passage A3 connecting the circulating 
passage A1 to the passage A2. 
[0067] That is, the cooling system 20 corresponds to 
a complex system constructed by combining a plurality 
of cooling water circulating passages, and the cooling 
water circulating within the cooling system 20 cools or 
warm up each of the portions in the engine 1 0 by serving 
as a heat transfer medium so as to perform a heat ex- 
change with the engine 10. 

[0068] Various kinds of members for controlling or de- 
tecting a flow and a temperature of the cooling water are 
provided in each of the circulating passages A, B, C and 
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D constituting the cooling system 20. 
[0069] An electric type water pump (an electric pump) 
EP is operated on the basis of a command signal output 
from the ECU 30 so as to flow the cooling water within 
the circulating passage B in a direction shown by an ar- 
row. 

[0070] The heat accumulating device 21 is provided 
in a downstream portion of the electric pump EP. The 
heat accumulating device 21 has a function of storing a 
predetermined amount of cooling water in a state of in- 
sulating heat from outside. That is, as shown in a sche- 
matic internal structure in Fig. 1 , the heat accumulating 
device 21 has a double structure provided with a hous- 
ing 21a and a cooling water receiving portion 21b 
housed within the housing 21a. A gap between the 
housing 21 a and the cooling water receiving portion 21 b 
is kept in a substantially vacuum state, thereby keeping 
the cooling water receiving portion 21b, the internal 
space and the external portion in a heat insulating state. 
An introduction pipe 21c for introducing the cooling wa- 
ter fed from the circulating passage B (a pump side pas- 
sage B1) into the cooling water receiving portion 21b, 
and a discharge pipe21dfordischargingthecooling wa- 
ter within the container 21 b to the circulating passage B 
(an engine side passage B2) are provided within the 
cooling water receiving portion 21b. The cooling water 
discharged to the engine side passage B2 through the 
discharge pipe 21 d is introduced to the cylinder head 
1 0b of the engine 1 0 and flows by preferentially through 
a passage formed near the intake ports of the respective 
cylinders within the cylinder head 10b. 
[0071 ] In this case, check valves 21 e and 21 f, respec- 
tively provided in the middle of the pump side passage 
B1 and the engine side passage B2, allow the cooling 
water to only flow toward the engine side passage B2 
from the pump side passage B1 via the heat accumu- 
lating device 21 and restrict a reverse flow. 
[0072] A mechanical type water pump (a mechanical 
type pump) MP is driven by a driving force transmitted 
from the output shaft of the engine 1 0 and draws in the 
cooling water within the cylinder block 1 0a from an ex- 
ternal passage P1. When the mechanical pump MP is 
operated in accordance with the operation of the engine 
10, the cooling water within the circulating passage C 
and the circulating passage D is respectively prompted 
to generate the stream toward directions shown by ar- 
rows are generated in the cooling water within the cir- 
culating passage C and the circulating passage D. 
[0073] The radiator 22 provided in the circulating pas- 
sage C radiates the heat of the heated cooling water to 
the outside. An electric type ventilating fan 22a is driven 
on the basis of a command signal of the ECU 30 so as 
to increase a heat radiating operation of the cooling wa- 
ter by the radiator 22. Further, a thermostat 24 is pro- 
vided in the middle of the circulating passage C and in 
the downstream portion of the radiator 22. The thermo- 
stat 24 is a well-known control valve detecting a temper- 
ature and closing/opening in accordance with a degree 



of the detected temperature, and is structured such as 
to be opened so as to allow the cooling water to flow 
when the temperature of the cooling water within the cir- 
culating passage C near the thermostat 24 exceeds a 

5 predetermined temperature (for example, 80 °C), and 
be closed so as to restrict the stream of the cooling water 
when it is lower than the temperature predetermined. 
[0074] That is, at a time when the engine 1 0 is being 
driven (at a time when the mechanical type pump MP is 

10 operated), in the case that the temperature of the cool- 
ing water exceeds 80 °C, the cooling water within the 
circulating passage C is allowed to flow, whereby the 
cooling water is forcibly cooled according to an opera- 
tion of the radiator 22. As a result, the engine 10 is 

'5 cooled. In this case, a state of the engine 10 in which 
the temperature thereof (substantially equal to the tem- 
perature of the cooling water within the cooling system 
20) exceeds 80 °C or substantially close to 80 °C is 
called a warm state, and a state in which the tempera- 

20 ture is lower than 80 °C is called a cold state. 

[0075] The heating heater core 23 provided in the cir- 
culating passage D utilizes the heat of the cooling water 
heated within the engine 10 and heats a passenger 
compartment of the vehicle (not shown) as occasion de- 

25 mands. An electric type ventilating fan 23a driven on the 
basis of the command signal of the ECU 30 promotes 
heat radiation by the cooling water passing through the 
heating heater core 23, and feeds the warm air gener- 
ated due to the heat radiation of the cooling water within 

30 the passenger compartment of the vehicle via an air 
passage (not shown). 

[0076] Water temperature sensors 25a provided in 
the middle of the common flow path from the engine 10 
toward outside, for the cooling water circulating the re- 

35 spective circulating passages B, C and D output detect- 
ing signals in accordance with a temperature of the cool- 
ing water within the flow passages (a cooling water tem- 
perature; particularly called an engine outflow water 
temperature THWex) to the ECU 30. Further, a water 

40 temperature sensor 25b provided in the middle of the 
engineside passage B2 and neartheconnecting portion 
between the passage B2 and the engine 1 0 outputs a 
detecting signal in accordance with a temperature of the 
cooling water flowing into the engine 10 from the heat 

45 accumulating device 21 (a cooling water temperature; 
particularly called an engine inflow water temperature 
THWin). Further, a water temperature sensor 25c pro- 
vided in the heat accumulating device 21 outputs a de- 
tecting signal in accordance with a temperature of the 

so cooling water stored within the heat accumulating de- 
vice 21 (hereinafter, referred to as a heat accumulating 
hot water temperature THWre). In this case, in the de- 
scription mentioned below, a temperature of the cooling 
water existing within the cooling system 20 including the 

55 engine inflow water temperature THWin and the engine 
outflow water temperature THWex will be totally de- 
scribed as a cooling water temperature THW. In this 
case, the heat accumulating hot water temperature 
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THWre is not included in the cooling water temperature 
THW. 

[0077] An electric type starter (hereinafter, referred to 
as a starter) 26 attached to the engine 1 0 applied a ro- 
tational force to the output shaft thereof prior to a self- 
drive of the engine 10 so as to generate a so-called 
cranking operation. 

[0078] Further, a key cylinder 27 in accordance with 
an external input portion turns "on" and "off" a main pow- 
er source for a peripheral equipment such as a room 
lamp (not shown), an audio (not shown), a navigator (not 
shown) or display lamps, and a main relay for operating 
a function of executing a drive control of the engine 10 
for the ECU 30, according to an operation of an ignition 
key 27a inserted to the key cylinder. Further, the ECU 
30 executes an operation of the starter 26 and a start 
ignition of the engine 10 according to the operation of 
the ignition key 27a. 

[0079] Further, a display device 28 turns on a light or 
displays letters or the like on the basis of a command 
signal from the ECU 30, and gives a visual information 
to the driver of the engine system 1 00. 
[0080] The ECU 30 is electrically connected to vari- 
ous kinds of sensors outputting signals for knowing the 
operation state of the engine 10 and various kinds of 
drive circuits for controlling the operation state of the en- 
gine 1 0 in addition to members such as the electric type 
ventilating fans 22a and 23a, the water temperature 
sensor 25a, the starter 26, the key cylinder 27, the igni- 
tion key 27a and the display device 28. 
[0081] Further, the ECU 30 is provided with a central 
processing unit (CPU) 31, a read only memory (ROM) 
32, a random access memory (RAM) 33, a backup RAM 
34, a timer counter 35 and the like, in an inner portion 
thereof, and a logical operation circuit is constituted by 
connecting the respective portions (31 , 32, 33, 34, 35) 
to an external input circuit 36 and an external output cir- 
cuit 37 by a bass 38. In this case, the ROM 32 previously 
stores various kinds of programs for controlling an op- 
erating state of the engine 10 such as a fuel injection 
amount, an ignition timing, a flow of the cooling water 
within the cooling system 20 and the like. The RAM 33 
temporarily stores a result of the calculation performed 
by the CPU 52. The backup RAM 34 is a nonvolatile 
memory storing data even after the operation of the en- 
gine 1 0 is stopped. The timer counter 35 performs a time 
counting operation which counts the time until the warm- 
ing up completed. The external input circuit 36 includes 
a buffer, a waveform circuit, a hard filter, an analogue/ 
digital converter and the like. The external output circuit 
includes a drive circuit and the like. The ECU 30 consti- 
tuted in the manner mentioned above executes various 
kinds of controls with respect to the fuel injection of the 
engine 10, the ignition or the flow of the cooling water 
on the basis of the signals output from the various kinds 
of sensors, the key cylinder 27 and the like which are 
taken in via the external input circuit 36. 
[0082] Next, a description will be given in detail of a 



structure around each of the combustion chambers 
formed within the engine 10 mainly with respect to the 
passage of the cooling water. 
[0083] Fig. 2 is a schematic view (a side elevational 
5 view) showing a cross sectional structure around the 
combustion chamber in accordance with a part of an in- 
terior structure of the engine 1 0 in a partly enlarged man- 
ner. 

[0084] As shown in Fig. 2, the combustion chamber 

10 11 is positioned in a boundary between the cylinder 
block 10a and the cylinder head 10b and is formed 
above a piston 13 vertically moving so as to interlock 
with a rotation of the output shaft of the engine 1 0 within 
the cylinder 1 2. A space within the combustion chamber 

is 11 is communicated with an intake port 16 and an ex- 
haust port 17 via an intake valve 14 and an exhaust 
valve 15, respectively. At a time of driving the engine, it 
is performed to introduce mixed gas to the combustion 
chamber 1 1 via the intake port 1 6 and to exhaust an ex- 

20 haust gas from the combustion chamber 1 1 via the ex- 
haust port 17, A fuel injection valve 18 mounted to the 
intake port 1 6 injects and supplies the fuel on the basis 
of the command signal from the ECU 30. The fuel inject- 
ed and supplied by the fuel injection valve 1 8 is atomized 

25 within the intake port 1 6, and taken within the combus- 
tion chamber 11 while forming the mixed gas together 
with a fresh air. Further, an igniter 1 9 driven on the basis 
of the command signal of the ECU 30 turns on electricity 
to an ignition plug 19a at a proper timing, whereby the 

30 mixed gas taken within the combustion chamber 11 is 
applied to combustion. 

[0085] A cooling water passage (in accordance with 
a part of the circulating passage A1 shown in Fig. 1) Pc 
is formed within the cylinder block 1 0a so as to surround 

35 an outer periphery of the cylinder 12. Further, an intake 
port side cooling water passage Pa (in accordance with 
a part of the circulating passage A2 shown in Fig. 1 ) and 
an exhaust port side cooling water passage Pb (in ac- 
cordance with a part of the circulating passage A2 

40 shown in Fig. 1 ) are respectively formed near the intake 
port 1 6 and the exhaust port 1 7 within the cylinder head 
1 0b. Then, the flow of the cooling water circulating within 
the cooling system 20 including the respective cooling 
water passages Pa, Pb and Pc (the circulating passages 

<5 A1 and A2) is basically controlled on the basis of the 
operation of the mechanical pump MP, the electric motor 
EP and the thermostat 24, as mentioned above. 
[0086] Next, a description will be given of a summary 
of a cooling system control with respect to a flow of the 

so cooling water which the engine system 100 according 
to the present embodiment executes through the com- 
mand signal of the ECU 30 and the like. In this case, a 
control mode of the cooling system by the engine sys- 
tem 1 00 is mainly separated into "a control at a cold time 

55 after the engine is started", "a control at a hot time after 
the engine is started" and "a control before the engine 
is started (a preheat control)" on the basis of difference 
in an executing stage and an executing condition. 
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[0087] Fig. 3 is a schematic view schematically show- 
ing the engine system 100 in order to describe a state 
that the stream of the cooling water circulating through 
the cooling system 20 of the engine system 100 (see 
Fig. 1) changes in accordance with the operating state 
of the engine 10 and a temperature distribution. In this 
case, in the drawing, the passage in which the stream 
of the cooling water is generated (including various 
kinds of members provided in the middle of the passage) 
is shown by a solid line, and the passage in which the 
stream of the cooling water is hardly generated or not 
generated (including various kinds of members provid- 
ed in the middle of the passage) is shown by a single- 
dot chain line. 

[0088] At first, both of Figs. 3A and 3B show the en- 
gine system 1 00 in which the engine 1 0 is under the op- 
erating state, and the electric pump E P is u nder the stop- 
pingstate. Inthiscase, Fig. 3A shows the engine system 
in which the temperature of the cooling water near the 
thermostat 24 is equal to or lower than 80 °C within the 
cooling system 20, and Fig. 3B shows the engine sys- 
tem in which the temperature of the cooling water near 
the thermostat 24 is higher than 80 °C within the cooling 
system 20. 

[0089] As shown in Figs. 3A and 3B, when the electric 
pump EP is under the stopping state, the stream of the 
cooling water along the circulating passage B substan- 
tially stops except the circulating passage A, the circu- 
lating passage C or the circulating passage A2 consti- 
tuting a part of the circulating passage D within the cyl- 
inder head 10b. 

[0090] Further, at this time, if the temperature of the 
cooling water near the thermostat 24 within the cooling 
system 20 is equal to or lowerthan 80 °C, the thermostat 
(the control valve) 24 is closed so as to restrict the 
stream of the cooling water from the control valve 24 
toward the radiator 22. Accordingly, within the engine 
system 1 00, only the cooling water within the circulating 
passage A and the circulating passage D flows due to 
the operation of the mechanical type pump M P (Fig. 3A). 
[0091 ] On the contrary, in the case that the tempera- 
ture of the cooling water near the thermostat 24 within 
the cooling system 20 is higher than 80 °C , the thermo- 
stat (the control valve) 24 is opened so as to allow the 
stream of the cooling water from the control valve 24 
toward the radiator 22. Accordingly, within the engine 
system 1 00, the cooling water within the circulating pas- 
sages A, C and D flows due to the operation of the me- 
chanical type pump MP (Fig. 3B). 
[0092] In this case, during the operation of the engine 
1 0 in the present embodiment, the cooling system 20 
basically keeps the state shown in Fig. 3Aor3B. Further, 
the states of the cooling system 20 shown in the respec- 
tive drawings can be realized by executing the "control 
at the cold time after the engine is started" (Fig. 3A) or 
the "control at the hot time after the engine is started" 
(Fig. 3B). 

[0093] Further, Fig. 3C shows the engine system in 



which the engine 1 0 is under the stopping state and the 
electric pump EP is under the operating state. 
[0094] As shown in Fig. 3C, when the electric pump 
EP is operated, the cooling water flows along the circu- 

5 lating passage B. At this time, since the engine 10 is 
under the stopping state, the mechanical type pump M P 
operating together with the output shaft of the engine 1 0 
stops, so that the stream of the cooling water is hardly 
generated within the circulating passage A1 , the bypass 

10 passage A3, the circulating passage C and the circulat- 
ing passage D. In this case, the state of the cooling sys- 
tem 20 shown in Fig. 3C corresponds to a state imme- 
diately before the engine 10 is started, and can be real- 
ized by executing the "preheat control" mentioned 

is above. 

[0095] In this case, a description will be in more detail 
given of the contents and an executing procedure of the 
"preheat control" mentioned above. 
[0096] Fig. 4 is a time chart showing a state that a 

20 temperature transition of the cylinder head 10b be- 
comes different as a result of experimentally changing 
the operation state of the electric pump EP at a time 
when the engine 10 is started, in connection with the 
engine system 100 shown in Figs. 1 to 3. In this case, 

25 a time t1 corresponds to an engine start time of the en- 
gine 10. A pattern of the temperature transition (herein- 
after, referred to as a transition pattern) a shown by a 
broken line shows a temperature transition in the case 
that the electric pump EP is not operated at a time of 

30 starting the engine, and a transition pattern p shown by 
a single-dot chain line shows a temperature transition 
in the case that the operation of the electric pump EP is 
started at the same time of starting the engine. Further, 
a transition pattern y shown by a solid line shows a tem- 

35 perature transition in the case that the operation of the 
electric pump EP is started a predetermined time (5 sec- 
onds in the present embodiment) before starting the en- 
gine. In this case, in each of the transition patterns a, p 
and y, it is assumed that the engine 10 is under the hot 

40 state immediately before the preceding engine opera- 
tion is finished (the engine stops). 
[0097] As shown in Fig. 4, in the transition pattern a, 
the temperature of the cylinder head 10b is gradually 
increased due to the heat generating effect of the engine 

45 1 o itself together with the engine operation, after the en- 
gine is started (after the time t1). Depending on some 
environmental conditions such as the ambient air tem- 
perature, when the temperature of the cylinder head 1 0b 
(substantially equal to the temperature of the cooling 

50 water) reaches 80 °C at a time t3 after about ten and 
several seconds to decades of seconds have passed 
after the time t1 , the thermostat 24 repeatedly operates 
the opening and closing valve near the temperature, 
whereby the temperature of the cooling water (the tem- 

55 perature of the cylinder head 1 0b) is kept in a substan- 
tially constant temperature (80 °C). 
[0098] In the transition pattern p, at the same time 
when the engine 10 is started, the cooling water (the 
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heat reserving hot water) stored within the heat accu- 
mulating device 21 under the temperature state equal 
to or higher than about 80 °C is supplied within the cyl- 
inder head 1 0b. In this case, at a time t2 at which about 
1 0 seconds have passed after the engine 1 0 is started 5 
(on and after the time t1 ), the temperature of the cylinder 
head 1 0b (substantially equal to the temperature of the 
cooling water) reaches 80 °C. Thereafter, the tempera- 
ture of the cooling water (the temperature of the cylinder 
head 1 0b) is kept at substantially constant temperature 10 
(80 °C). 

[0099] In the transition pattern y, prior to the start of 
the engine 10, the heat reserving hot water within the 
heat accumulating device 21 is supplied within the cyl- 
inder head 10b. In this case, the inventors of present 15 
invention have conformed that the temperature of the 
cylinder head 10b reaches the equivalent temperature 
(60 to 80 °C ) as the temperature of the cooling water 
(the heat accumulating hot water temperature) within 
the heat accumulating device 21 for about 5 to 1 0 sec- 20 
onds after the electric pump EP starts operating. In the 
transition pattern y in Fig. 4, it is set so that the engine 
10 is started at the time (the time t1) at which ten sec- 
onds have passed after the operation of the electric 
pump EP is started at a time to. 25 
[0100] Accordingly, the structure is made such that 
the engine 10 is started after the temperature of the cyl- 
inder head 10b reliably reaches 80 °C. incidentally, to- 
gether with the operation of the engine 1 0, the cooling 
water having a lower temperature (than the temperature 30 
of the cooling water within the circulating passage B) 
flows into the cylinder head 1 0b from the passage space 
other than the circulating passage B within the cooling 
system 20. Accordingly, from and after the time t1 , the 
temperature of the cylinder head 10b temporarily de- 35 
scends a little, however, is again increased due to a con- 
tinuous supply of the heat reserving hot water from the 
heat accumulating device 21 and the heat generating 
effect of the engine 1 0 itself caused by the engine op- 
eration so as to keep a temperature close to 80 °C. 40 
[0101] In the engine system 100 according to the 
present embodiment, the fuel injected and supplied to 
the engine 1 0 by the fuel injection valve 1 8 is atomized 
within the intake port 1 6 and is taken within the combus- 
tion chamber 11 while forming the mixed gas together 45 
with the fresh air. The mixed gas is supplied for the pur- 
pose of combustion as described in Fig. 2. 
[0102] Accordingly, it is preferable that the tempera- 
ture of the engine 1 0, particularly of the inner wall of the 
intake port 16 formed within the cylinder head 10b is 50 
higher than a predetermined temperature (60 °C, pref- 
erably about 80 °C), from the view that the injected and 
supplied fuel should be quickly atomized within the in- 
take port 1 6 and the atomized state should be preferably 
kept. Because the fuel is easily attached to the inner wall 55 
when the temperature of the inner wall of the intake port 
16 is reduced, whereby it is hard to efficiently atomize 
(gasify) the fuel and keep the atomized (gasified) fuel in 



the atomized and gasified state. A disadvantage with re- 
spect to the gasification of the fuel reduces a combus- 
tion efficiency and makes an optimization of an air-fuel 
ratio hard. Therefore exhaust characteristics and a fuel 
economy deteriorates. 

[01 03] In the case that the engine 1 0 is under the cold 
state, when the engine operation is continued under a 
condition that no heat is supplied from outside, a com- 
paratively long time (a time between t1 and t3) is re- 
quired until the temperature of the cylinder head 10b 
(the suction port 1 6) becomes sufficiently high as shown 
by the transition pattern a in Fig. 4. Further, as shown 
by the pattern p in Fig. 4, even if the heat reserving hot 
water is supplied from the heat accumulating device 21 
at the same time when the engine is started or immedi- 
ately after the engine is started, making the warming-up 
completing timing after the engine is started as quick as 
possible, it is unavoidable that the exhaust characteris- 
tics and the fuel economy are deteriorated during the 
warming-up (the time between t1 and t2). 
[0104] Then, as shown by the pattern y in Fig. 4, it is 
idiai to warm up (preheat) the engine system 1 00 so that 
the warming-up is completed (the engine 10 is transited 
to the hot state from the cold state) until the engine 1 0 
has been started, by supplying the cooling water from 
the heat accumulating device 21 to the cylinder head 
1 0b prior to the start of the engine 10. 
[0105] However, some seconds are required for the 
engine 1 0 to complete the transition from the cold state 
to the hot state due to the supply of the heat reserving 
hot water from the heat accumulating device 21 . If the 
engine start timing of the engine 1 0 intended by the driv- 
er is too early in comparison with the timing of the tran- 
sition completion, the engine 10 is started before the 
state is transited to the hot state, so that it is impossible 
to sufficiently atomize the fuel. 
[0106] That is, if the control is executed so that the 
engine 10 is started after the engine 10 reliably transits 
to the hot state due to the supply of the heat reserving 
hot water from the heat accumulating device 21 , it is 
possible to solve the disadvantage with respect to the 
fuel atomization mentioned above, optimize the fuel ef- 
ficiency and the air-fuel ratio, and improve the exhaust 
characteristics and the fuel economy. 
[0107] Fig. 5 shows a basic procedure of the "preheat 
control" according to the present embodiment. In this 
case, the basic procedure is substantially common to 
the other embodiments mentioned below. 
[0108] That is, the heat supply (the preheat) from the 
heat accumulating device to the engine prior to the en- 
gine start includes the following basic procedures in the 
control configuration thereof. 

(1) At first, in step S 1 , it is recognized that the cool- 
ing water (the heat reserving hot water) should be 
supplied from the heat accumulating device to the 
engine (a preheat requirement). 

The preheat requirement mentioned above 
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may be performed according to the artificial opera- 
tion or the like on the basis of the intention of the 
driver, or may be automatically executed on the ba- 
sis of the judgement of the ECU 30 or the like. 

(2) Next, in step S2, a condition with respect to the 5 
execution of the preheat is set (or conformed). 

The condition with respect to the execution of 
the preheat may be, for example, a time from start- 
ing the execution of the preheat to completing the 
preheat, or may be a judgement standard for judg- 10 
ing the preheat completion, for example, an amount 
of temperature increase of the engine or a supply 
amount of the heat reserving hot water supplied to 
the engine from the heat accumulating device. Fur- 
ther, the condition mentioned above may be calcu- is 
lated on the basis of the current environment (for 
example, the temperature of the engine and the am- 
bient air temperature) or the like, or may be deter- 
mined by referring to a map or the like. Further, it 
may be a condition during a preheat executing pe- 20 
riod (for example, a flow amount of the heat reserv- 
ing hot water supplied from the heat accumulating 
device to the engine) or the like. 

Further, in the same step, in the case that the 
current environment corresponds to a condition re- 25 
quiring no preheat, for example, in the case that the 
current environment is already higher than the tem- 
perature of the cooling water, it is possible to judge 
not to perform the preheat. 

(3) Next, in step S3, the preheat is executed, for ex- 30 
ample, on the basis of the condition set in the step 

S2 mentioned above. Further, during the preheat 
executing period, information concerning the exe- 
cuting condition of the preheat, for example, that the 
preheat is going to be executed, a remaining time 35 
before the preheat is completed or the like is guided 
(a warming-up process guide) to the driver or the 
like of the engine system. 

At this time, the ECU 30 may alarm or advise 
the driver in such a manner as not to start the engine *o 
during an ongoing of the preheat, or may automat- 
ically control so as to supply the heat reserving hot 
water from the heat accumulating device prior to the 
engine start and make the execution of supplying 
the heat reserving hot water and the execution of 45 
operating the engine contradicting to each other (for 
example, the operation with respect to the engine 
start is cancelled). Further, the structure may be 
made such that the engine system 100 is provided 
with a mechanical structure so as not to start the so 
engine until the preheat is completed. 

(4) Next, in step S4, the warming-up process guide 
is finished at a time when the preheat is completed 
or the completion thereof is recognized. 

55 

[0109] In this case, the structure may be made so to 
forcibly cancel an inhibition of the engine start under a 
particular condition, even in the case that the preheat is 



not completed at a time of emergency or on the basis of 
the intention of the driver. Further, after canceling the 
inhibition, it is possible to simply allow the engine start 
or inform the driver of the incidence that the inhibition is 
cancelled. Further, it is possible to automatically start 
the engine after canceling the inhibition. In this case, it 
is preferable that an device for canceling the inhibition 
of the engine start is arranged so as to cancel the inhi- 
bition of the engine start from a passenger compart- 
ment. 

[01 1 0] Next, a description will be in detail given of the 
"preheat control" which is executed by the engine sys- 
tem 1 00 according to the present embodiment prior to 
starting of the engine 10 in accordance with the basic 
procedure mentioned above. 
[01 1 1 ] Fig. 6 is a flow chart showing the contents of 
process in a "preheat control routine" which is executed 
by the engine system 100 at every predetermined time 
while the engine 1 0 is stopping. The ROM 32 of the ECU 
30 previously stores a program concerning the following 
routine. 

[0112] When the routine is started, the ECU 30 at first 
judges in step S1 01 whetheror not a position (an ignition 
switch) of the ignition key 27a (see Fig. 1) inserted to 
the key cylinder 27 (see Fig. 1) is turned "on". 
[0113] In this case, as shown in Fig. 7, the key cylinder 
27 is formed with a circular rotor 27c provided with a slit 
27b for inserting the ignition key 27a, and an annular 
case 27d surrounding an outer periphery of the circular 
rotor 27c by its own inner periphery, in the case of being 
seen toward an inserting direction of the ignition key 
27a. The case 27d forms an outer hull of the key cylinder 
27 main body, and is fixed, for example to an operation 
panel (not shown) of the side of driver's seat (the pas- 
senger compartment). The rotor 27c is structured such 
as to be rotatable within a limited range against the case 
27d by turning the ignition key 27a inserted to the slit 
27b. The ignition key 27a can be inserted to the slit 27b 
in a state that an end portion in a direction of a long width 
of the slit 27b coincides with a position SW1 indicated 
by "LOCK" in the case 27d, as shown by a solid line in 
Fig. 7. 

[01 14] At a time of starting the engine 1 0, at first, when 
the driver (the operator) inserts the ignition key 27a to 
the slit 27b and turns the ignition key from the position 
SW1 indicated by "LOCK" to a position SW2 indicated 
by "ACC", a main power source of peripheral equipment 
such as a room lamp (not shown), audio equipment (not 
shown) or a navigator (not shown) is in the "ON" state. 
Further, when turning the ignition key 27a to a position 
SW3 indicated by "ON" (shown by a double-dot chain 
line in Fig. 7), a main relay for operating a function of 
executing the operation control of the engine 1 0 for the 
ECU 30 becomes in an "ON" state. Further, when turn- 
ing the ignition key 27a to a position SW4 indicated by 
"START', a starter 26 is driven so as to crank the engine 
10, and the injection and supply of the fuel by the fuel 
injection valve 18 and the ignition of the gasified fuel by 
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the igniter 1 9 are started in synchronized with the crank- 
ing operation. 

[0115] That is, it is said that the rotation of the ignition 
key 27a to the position SW3 indicated by "ON" (the turn- 
ing operation of the ignition key switch to "ON") is a nec- 
essary operation to be performed prior to the start of the 
engine 10. 

[0116] Step S102 is executed if the judgement in the 
step S101 is positive, and ends the present routine if the 
judgement is negative. 

[0117] In the step S1 02, it is judged whether or not a 
cooling water temperature (an engine outflow water 
temperature) THWex detected by the water temperature 
sensor 25a is lower than a predetermined temperature 
(which is preferably set to about 60 °C). Then, if the 
judgement is positive, it is recognized for the ECU 30 
that the engine 10 is under the cold state, and step 
S103a is executed, thereby executing the preheat. On 
the contrary, if the judgement in the step S1 02 is nega- 
tive, the ECU 30 temporarily ends the present routine. 
[0118] In the step S1 03a, the operation of the electric 
pump EP is started so as to start supplying the heat re- 
serving hot water to the engine 10 from the heat accu- 
mulating device 21 , and display device (the preheat 
lamp) 28 is turned on. Fig. 8 shows an indicator panel 
provided on the side of driver's seat of the vehicle on 
which the engine system 1 00 is mounted. The preheat 
lamp 28 is mounted, for example, on the indicator panel, 
and performs a lighting operation. In this case, the op- 
eration of the electric pump EP is continued for a pre- 
determined time (for example, 5 seconds) (step S1 03b), 
and the preheat lamp 28 is also kept lighting. Further, 
even if the driver turns the ignition key 27a inserted to 
the key cylinder 27 to the "START" position SW4 during 
the operation of the electric pump EP, that is, during the 
execution of the preheat, the ECU 30 does not operate 
the starter 26. 

[01 1 9] After the predetermined time mentioned above 
has passed, the ECU 30 stops the operation of the elec- 
tric pump and turns off the preheat lamp 28 (step 
S104a). 

[0120] Finally, in step S104b, the ECU 30 allows the 
starter 26 to operate. That is, if the driver turns the igni- 
tion key 27a inserted to the key cylinder 27 to the 
"START position SW4, the starter 26 is operated. 
[0121] After passing through the step S104b men- 
tioned above, the ECU 30 temporarily finishes a series 
of processes in the present routine. 
[0122] Incidentally, the process in the respective 
steps of the "preheat control routine" mentioned above 
(Fig. 6) corresponds to the process in any steps of the 
previous basic procedure (Fig. 5). That is, the step S1 01 
(Fig. 6) corresponds to the step S1 (Fig. 5), the step 
S102 (Fig. 6) corresponds to the step S2 (Fig. 5), the 
steps S103a and S103b (Fig. 6) correspond to the step 
S3 (Fig. 5), and the steps S1 04a and S1 04b (Fig. 6) cor- 
respond to the step S4 (Fig. 5), respectively. 
[0123] In this case, as shown in a time chart in Fig. 9, 



a series of operations (a vehicle operation), that is, 
opening a door (not shown) on the side of the driver's 
seat -» sitting on a seat (not shown) -» turning the igni- 
tion key 27a to the "ON" position (switching the ignition 
s switch to the "ON") -> fastening a seat belt (not shown) 
-> operating the starter, is a substantially necessary op- 
eration prior to the start of the engine 10 for the driver 
of the vehicle on which the engine system 1 00 is mount- 
ed. Among the operating procedures, it is conformed by 
10 the inventors that an elapsing time from the switching of 
the ignition switch to "ON" to the operation of the starter 
can be particularly defined to substantially 4 to 6 sec- 
onds. It is confirmed that this numeral (between 4 sec- 
onds and 6 seconds) is a value having a comparatively 
'5 high reproducibility without largely depending, for exam- 
ple, on a sex, a body type and the like of the driver. 
[0124] Then, it is as shown in the transition pattern y 
in Fig. 4 that the engine 10 can be started under the 
state that the engine 1 0 has substantially got out of the 
cold state, by starting the preheat about 5 seconds ear- 
lier than the start of the engine 1 0 (the operation of the 
starter 26). 

[0125] As mentioned above, in the "preheat control 
routine" mentioned above, there is employed a control 
configuration in which the start of the engine 1 0 is inhib- 
ited until the preheat is completed after starting the pre- 
heat prior to the start of the engine 10 and accurately 
knowing the duration or the completing time, in other 
words, an inhibiting period is provided. 
[0126] That is, it is possible to start the engine oper- 
ation at a time when the temperature of the engine 10 
is sufficiently over a temperature area in which a trouble 
is generated at least with respect to the gasification of 
the supplied fuel after the engine reliably gets out of the 
cold state, by accurately knowing the preheat executing 
time and inhibiting the engine start under a certain con- 
dition in which the preheat is not completed. 
[0127] Therefore, according to the engine system 100 
of the present embodiment, it is possible to solve the 
advantage with respect to the fuel gasification (atomi- 
zation) at a time of starting the engine, optimize the com- 
bustion efficiency and the air-fuel ratio, and improve the 
exhaust characteristics and the fuel economy. 
[0128] In this case, with respect to setting the inhibit- 
ing period mentioned above, it is most preferable that 
the finishing time of the inhibiting period is the same as 
the start timing of the engine 10 intended by the driver, 
or it is desirable to be at least faster. This is because the 
longer the start of the engine 10 is inhibited against the 
driver's intention, the more comfortable feeling on oper- 
ation for the driver is deteriorated with respect to the ig- 
nition key operation at a time of starting the engine. 
[0129] On the contrary, when the engine 10 is started 
under the state that the preheat is not completed, the 
object of the preheat control to start the engine 1 0 under 
the hot state and promote the atomization of the fuel to 
be burned is not accomplished. 
[01 30] Further, with respect to the start time of the pre- 



25 



30 



35 



40 



45 



50 



13 



25 



EP1 172 538 A2 



26 



heat (the start time of the inhibiting period), if the start 
time of the preheat is too early in comparison with the 
start timing of the engine 1 0 intended by the driver, the 
function of supplying the heat reserving hot water by the 
heat accumulating device 21 is unnecessarily spent, so 5 
that an advantage in view of a mounting characteristic 
and a cost is lost, such that a size of the heat accumu- 
lating device 21 is increased or the like. 
[0131] Further, in the case that the start time of the 
preheat (the start time of the inhibiting period) is too late 
in comparison with the start timing of the engine 10 in- 
tended by the driver, the start of the engine 1 0 is delayed 
for the driver if the completion of preheat is made to 
come first. 

[0132] In this point, in the engine system 100 accord- 
ing to the present embodiment, an operation necessarily 
prior to the operation of the starter 26 and sufficiently 
securing a reproducibility during a period (about 5 sec- 
onds) from the timing of the operation to the start timing 
of the engine 10 (the switching operation from the 
"LOCK" position of the ignition switch to the "ON" posi- 
tion) is used as a trigger for starting execute preheat. 
[0133] Accordingly, a reliability for knowing the pre- 
heat executing period is high, and it is possible to finish 
the inhibiting period mentioned above (cancel the inhi- 
bition of starting the engine 1 0) at the same time as or 
immediately before the timing at which the driver intends 
to start the engine 10, or it is at least possible to suffi- 
ciently reduce the delay time from that timing. 
[0134] Further, since the driver can recognize the ex- 
ecution of the preheat during the execution of the pre- 
heat, on the basis of the lighting operation of the preheat 
lamp 28, the driver can easily know the reason for which 
the engine start is inhibited, even if the timing of cance- 
ling the inhibition of the start of the engine 1 0 is delayed 
from the engine start timing intended by the driver. Ac- 
cordingly, it is possible to preferably keep the comforta- 
ble feeling for the driving operation (the ignition key op- 
eration) with respect to the start of the engine 10. 
[0135] In this case, in the step S104b mentioned 
above, the "preheat control routine" mentioned above 
may be structured such as to automatically control the 
starter 26 to start the engine 1 0 after allowing the starter 
26 to operate. By employing the automatic control men- 
tioned above, it is possible to improve the comfortable 
feeling on the driving operation (the ignition key opera- 
tion) for the driver, with respect to the start of the engine 
10. 

[0136] Further, the embodiment of inhibiting the oper- 
ation of the starter 26 is not limited to the structure that 
the starter 26 is not operated even when rotating the 
ignition key 27a to the "START' position SW4. For ex- 
ample, the structure may be made such as to mechan- 
ically or electromagnetically restrict or lock the operation 
of the ignition key 27a inserted to the key cylinder 27 to 
the "START" position SW4. Further, the control may be 
made so that the fuel injection valve 18 is not operated 
(does not inject and supply the fuel) even when the start- 



er 26 is operated, so that the engine 1 0 is not started. 
[0137] Further, as shown by the broken line in Fig. 1 , 
the structure may be made such that a speaker 29 gen- 
erating a sound or a sound voice in accordance with the 
command signal output from the ECU 30 is added to the 
engine system 1 00 in place of the preheat lamp 28, and 
a notification is given by generating a notifying sound 
(stopping the sound generation) or a voice in place of 
lighting up the preheat lamp 28 in the steps S103a and 
S1 03c of the "preheat control routine" mentioned above. 
In addition, it is possible to employ a structure in which 
both of the speaker 29 and the preheat lamp 28 are 
used. 

[0138] According to the first embodiment mentioned 
above, as described above, since for example, the driv- 
er of the internal combustion engine can know that the 
warming-up process is executed after the warming-up 
process is started before the warming-up process is 
completed, the driver does not feel sense of discomfort 
and it is possible to sufficiently obtain a chance of mak- 
ing good use of the warming-up process prior to the start 
of the internal combustion engine. Further, since the 
heat supply by the heat transfer medium is stopped in 
synchronized with the start of the internal combustion 
engine, the heat stored in the heat accumulating device 
is made maximum use of for warming up the internal 
combustion engine. 

(Second Embodiment) 

[0139] Next, a description will be given of a second 
embodiment obtained by applying the internal combus- 
tion engine with the heat accumulating device to the en- 
gine system to be mounted on the vehicle, by mainly 
referring to different points from the first embodiment. 
[0140] In this case, in the second embodiment, a 
structure of the engine system to be applied, an electri- 
cal structure of the ECU and around the ECU (Figs. 1 
and 2) and the like are the same as those of the first 
embodiment. Accordingly, the same reference numerals 
are attached to the members, the hardware and the like 
having the same function and structure, and an overlap- 
ping description is omitted here. 
[01 41 ] In the "preheat control routine" in the preceding 
first embodiment, the structure is made such that the 
electric pump EP is operated so as to continue the pre- 
heat process for a predetermined time (for example, 5 
seconds) (the step S103b in Fig. 6). On the contrary, in 
the engine system 1 00 according to the present embod- 
iment, the completing timing of the preheat is judged 
with reference to an exchange rate (a replacement rate) 
of the heat reserving hot water existing within the heat 
accumulating device 21 with the cooling water existing 
within the cylinder head 10b, 
[0142] That is, the parameter to be set as the refer- 
ence for determining the executing period of the preheat 
or the period of inhibiting the engine start of the engine 
1 0 is different from the first embodiment. 
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[0143] Fig. 1 0 is a flowchart showing the process con- 
tents of a "preheat control routine" which the engine sys- 
tem 1 00 according to the present embodiment executes 
at every predetermined time while the engine 1 0 is stop- 
ping. 

[0144] in the routine, the ECU 30 recognizes the pre- 
heat requirement, sets the condition with respect to the 
execution of the preheat, in a series of steps S201 , S202 
in accordance with the same process procedure as that 
of a series of steps S1 01 , S1 02 and S1 03a in the "pre- 
heat control routine" (Fig. 6) according to the first em- 
bodiment. 

[0145] In step S203b following the step S203a men- 
tioned above, an operation of the electric pump EP is 
continued, that is, the preheat is continued until a tem- 
perature difference ATHW between a current engine 
outflow water temperature (a cooling water tempera- 
ture) THWex and a cooling water temperature THWexO 
at a time of starting the preheat becomes higher than a 
predetermined value THW0. 
[01 46] It is experimentally confirmed by the inventors 
that in the case of operating the electric pump EP by a 
constant drive force so as to perform the preheat, the 
exchange rate of the cooling water within the cylinder 
head 1 0b by the heat reserving hot water within the heat 
accumulating device 21 after the preheat is started (ca- 
pacity of the heat reserving hot water flowing into the 
cylinder head 10b from the heat accumulating device/ 
total capacity of the cooling water charged within the cyl- 
inder heat 1 0b) shows a high correlation with respect to 
the temperature difference ATHW. 
[0147] Accordingly, the temperature difference ATHW 
in accordance with the exchange rate (for example, 95 
%) to be assumed as the completion of the preheat is 
experimentally calculated, and previously set as a pre- 
determined value Q, and it is assumed that the preheat 
is completed when the temperature difference ATHW 
becomes higher than the predetermined value Q. 
[0148] In the following steps S204a and S204b, there 
is executed a control with respect to stopping the electric 
pump EP (the step S204a) and canceling the inhibition 
of the engine start (the step S204b) together with the 
completion of the preheat in accordance with the same 
process procedure as that of the steps S104a and 
S1 04b in the "preheat control routine" (Fig. 6) according 
to the first embodiment. 

[01 49] In this case, in the "preheat control routine" ac- 
cording to the present embodiment, as the control for 
inhibiting the engine start, the fuel supply by the fuel in- 
jection valve 1 8 is inhibited in addition that the operation 
of the starter is inhibited. 

[0150] Further, in step S204c following the step 
S204b mentioned above, the engine 1 0 is started by au- 
tomatically controlling the starter 26. It is possible as de- 
scribed in the first embodiment to improve a comfortable 
feeling on the driving operation (the ignition key opera- 
tion) by the driver with respect to the start of the engine 
10, by employing the automatic control mentioned 



above. 

[0151] As mentioned above, in the engine system 1 00 
according to the present embodiment, it is also possible 
to start the engine operation at the point being suff icient- 

5 ly higher than the temperature range in which the trouble 
is generated with respect to at least the gasification of 
the supplied fuel after the engine 1 0 reliably gets out of 
the cold state, by accurately knowing the preheat exe- 
cuting period and inhibiting the engine start under the 

10 condition that the preheat is not completed. 

[0152] Accordingly, it is possible to solve the disad- 
vantage with respect to the fuel gasification (atomiza- 
tion) at a time of starting the engine, optimize the com- 
bustion efficiency and the air-fuel ratio, and improve the 

15 exhaust characteristics and the fuel economy. 

(Third Embodiment) 

[0153] Next, a description will be given of a third em- 
20 bodiment obtained by applying the internal combustion 
engine with the heat accumulating device to the engine 
system to be mounted on the vehicle, by mainly referring 
to different points from the first embodiment. 
[0154] In this case, in the third embodiment, a struc- 
25 ture of the engine system to be applied, an electrical 
structure of the ECU and around the ECU (Figs. 1 and 
2) and the like are the same as those of the first embod- 
iment. Accordingly, the same reference numerals are at- 
tached to the members, the hardware and the like hav- 
30 ing the same function and structure, and an overlapping 
description is omitted here. 

[01 55] In the engine system 1 00 according to the third 
embodiment, as the display device, a display monitor 
for displaying information of letters or symbols is em- 

35 ployed in place of the preheat lamp 28 performing the 
lighting operation. Then, in place of the lighting opera- 
tion of the preheat lamp showing the continuation of the 
preheat executed between the steps S103a and S103b 
of the "preheat control routine", according to the first em- 

40 bodiment, a control is executed so that a remaining time 
until the preheat completion is sequentially displayed on 
the display monitor, after the preheat is started and be- 
fore the preheat is completed. 
[0156] Fig. 11 is a flow chart showing the process con- 

45 tents of a "preheat control routine" which the engine sys- 
tem 1 00 according to the present embodiment executes 
at every predetermined time while the engine 1 0 is stop- 
ping. 

[0157] In the routine, the ECU 30 recognizes the pre- 
50 heat requirement, sets the condition, in a series of steps 
S301 and S302 in accordance with the same process 
procedure as that of a series of steps S101 and S102 
in the "preheat control routine" (Fig. 6) according to the 
first embodiment. 
55 [0158] In step S303a following the step S302 men- 
tioned above, an execution of the preheat and inhibition 
of the engine start are performed. Further, the display 
of the remaining time until the preheat completion is 
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started in accordance with the execution of the preheat. 
Fig. 12 shows an indicator panel provided in the driver's 
seat of the vehicle on which the engine system 100 is 
mounted. A display monitor 28' is mounted, for example, 
on the indicator panel and displays numbers in accord- 5 
ance with the remaining time (second) until the preheat 
completion in response to the command signal from the 
ECU 30. 

[01 59] That is, the ECU 30 continues the preheat (the 
operation of the electric pump EP) for a predetermined 
time (for example, 5 seconds) and also subsequently 
displays the remaining time until the preheat completion 
on the display monitor 28', in the following step S303b. 
[0160] When the preheat is completed, the operation 
of the electric pump EP is stopped in step S304a. And 
it is notified to the driver that the preheat is completed, 
by for example a particular number (for example, "00") 
is displayed on the display monitor 28* and blinks the 
displayed number. 

[0161] Then, the ECU 30 cancels the inhibition of the 
operation of the starter 26 in step S304b, and executes 
a control with respect to canceling the inhibition of the 
engine start together with the completion of the preheat 
in accordance with the same operation procedure as 
that of the step S104b in the "preheat control routine" 
(Fig. 6) according to the first embodiment. 
[0162] According to the engine system 100 of the 
present embodiment, the same effect as that of the first 
embodiment can be obtained, that is, it is possible to 
finish the inhibiting period (cancel the inhibition of the 
start of the engine 10) at the same time as or immedi- 
ately before the driver intends to start the engine 1 0, or 
it is at least possible to sufficiently reduce the delay time 
from the timing. 

[0163] Further, the driver can not only know the exe- 
cution of the preheat during the execution of the preheat 
on the basis of the subsequent display operation (count 
down) of the display monitor 28' but also recognize the 
remaining time until the preheat completion. 
[0164] For example, even in the case the timing of 
canceling the inhibition of the start of the engine 10 is 
delayed from the timing of the engine start intended by 
the driver, the comfortable feeling for the driving opera- 
tion (the ignition key operation) with respect to the start 
of the engine 1 0 is further preferably kept. 

(Fourth Embodiment) 

[01 65] Next, a description will be given of a fourth em- 
bodiment obtained by applying the internal combustion 
engine with the heat accumulating device to the engine 
system to be mounted on the vehicle, by mainly referring 
to different points from the first embodiment. 
[0166] In this case, in the fourth embodiment, a struc- 
ture of the engine system to be applied, an electrical 
structure of the ECU and around the ECU (Figs. 1 and 
2) and the like are the same as those of the first embod- 
iment. Accordingly, the same reference numerals are at- 



tached to the members, the hardware and the like hav- 
ing the same function and structure, and an overlapping 
description is omitted here. 

[01 67] The engine system 1 00 according to the fourth 
embodiment is different from the first embodiment in 
view of the structure of the key cylinder 27 and the func- 
tion of the ECU 30 related to the structure of the key 
cylinder 27. 

[0168] At first, as shown in Fig. 13, the key cylinder 
27 according to the fourth embodiment is structured 
such that in the same manner as the key cylinder 27 
(see Fig. 7) according to the first embodiment, the dis- 
plays of "LOCK", "ACC", "ON" and "START 1 are ar- 
ranged on the case 27d as seen toward the inserting 
direction of the ignition key 27, and in addition, a display 
"PRH" is arranged between the position SW3 indicated 
by "ON" and the position SW4 indicated by "START". At 
a time of starting the engine 10, the driver intentionally 
turns the ignition key 27a inserted to the key cylinder 27 
to a position SW5 indicated by "PRH" via the position 
SW3 indicated by "ON", whereby the ECU 30 starts pre- 
heating. According to the structure of the key cylinder 
27 and the function of the ECU 30 in connection to the 
structure, since the preheat is necessarily started on the 
basis of the intention of the driver and prior to the start 
of the engine 1 0, a series of procedures after the driver 
intends to start engine 10 and before the engine 10 is 
started through the execution of the preheat and the 
completion thereof can be quickly executed by one mo- 
tion of turning the ignition key 27a to one direction. Ac- 
cordingly, even when the start of the engine 1 0 is inhib- 
ited until the preheat completion, the sense of discom- 
fort felt by the driver can be restricted to the minimum 
limit. 

[01 69] Fig. 1 4 is a flow chart showing the process con- 
tents of a "preheat control routine" which the engine sys- 
tem 1 00 according to the present embodiment executes 
at every predetermined time while the engine 1 0 is stop- 
ping. 

[0170] When this routine is started, the ECU 30 atfirst 
judges in step S401 whether or not the position of the 
ignition key 27a (the ignition switch) inserted to the key 
cylinder 27 is switched to the position SW5 indicated by 
"PRH". 

[01 71 ] Step S402 is executed if the judgement in the 
step S401 is positive, and temporarily ends the present 
routine if the judgement is negative. 
[0172] In the step S402, it is judged whether or not a 
cooling water temperature (an engine outflow water 
temperature) THWex detected by the water temperature 
sensor 25a is lower than a predetermined temperature 
(which is preferably set to about 60 °C). Then, if the 
judgement is positive, it is recognized for the ECU 30 
that the engine 10 is under the cold state, and step 
S403a is executed, and if the judgement is negative, the 
ECU 30 temporarily ends the present routine. 
[0173] In the step S403a, the inhibition of the engine 
start is executed as well as the preheat is started. Fur- 
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ther, the display of the remaining time until the preheat 
completion is started via the same display device as the 
display monitor 28' (see Rg. 12) which is applied in the 
third embodiment. 

[0174] In the following step S403b, the preheat (the 5 
operation of the electric pump EP) is continued for a pre- 
determined time (for example, 5 seconds), and the re- 
maining time until the preheat completion is subse- 
quently displayed on the display monitor. 
[01 75] Even if the driver turns the ignition key 27a in- io 
serted to the key cylinder 27 to the "START" position 
SW4 during the execution of the preheat, the ECU 30 
does not operate the starter 26, in the same manner as 
that of the first embodiment. 

[0176] When the preheat is completed, the ECU 30 is 
stops the operation of the electric pump EP in step 
S404a and displays on the display monitor that the pre- 
heat is completed. 

[0177] Finally, in step S404b, the ECU 30 allows the 
starter 26 to operate. That is, if the driver turns the igni- 20 
tion key 27a inserted to the key cylinder 27 to the 
"START" position SW4, the starter 26 is operated. 
[0178] After passing through the step S404b men- 
tioned above, the ECU 30 temporarily finishes a series 
of processes in the present routine. 25 
[01 79] As mentioned above, in the engine system 1 00 
according to the present embodiment, it is possible to 
start the engine operation at the point being sufficiently 
higher than the temperature range in which the trouble 
is generated with respect to at least the gasification of 30 
the supplied fuel after the engine 10 reliably gets out of 
the cold state, by accurately knowing the preheat exe- 
cuting period and inhibiting the engine start under the 
condition that the preheat is not completed. Further, 
even if the start of the engine 10 is inhibited until the 35 
preheat completion as mentioned above, the sense of 
discomfort felt by the driver can be restricted to the min- 
imum level. 

(Fifth embodiment) 40 

[0180] Next, a description will be given of a fifth em- 
bodiment obtained by applying the internal combustion 
engine with the heat accumulating device to the engine 
system to be mounted on the vehicle, by mainly referring 45 
to different points from the first to fourth embodiments 
mentioned above. 

[0181] In this case, in the fifth embodiment, a structure 
of the engine system to be applied, an electrical struc- 
ture of the ECU and around the ECU (Figs. 1 and 2) and so 
the like are the same as those of the first embodiment. 
Accordingly, the same reference numerals are attached 
to the members, the hardware and the like having the 
same function and structure, and an overlapping de- 
scription is omitted here. 55 
[0182] The engine system 100 according to the fifth 
embodiment is different from the first to fourth embodi- 
ments mentioned above in view of having a function of 



canceling the start inhibition of the engine 1 0 in accord- 
ance with the execution of the preheat under a prede- 
termined condition. 

[01 83] Fig. 1 5 is a flow chart showing the process con- 
tents of a "preheat control routine" which the engine sys- 
tem 1 00 according to the present embodiment executes 
at every predetermined time while the engine 1 0 is stop- 
ping. 

[0184] When this routine is started, the ECU 30 at first 
judges in step S601 a whether or not the state of the en- 
gine system 1 00 corresponds to any one of the following 
preheat canceling conditions (a1) to (a5). 

(a1) An abnormality is generated in any one of the 
cooling water circulating passages A to D. 
(a2) An abnormality is generated in the electric 
pump EP. 

(a3) An abnormality is generated in the heat accu- 
mulating device 21. 

(a4) An abnormality is generated in the thermostat 
24. 

(a5) The executing mode of the preheat is manually 
cancelled. 

[0185] In this case, the ECU 30 according to the 
present embodiment is provided with a function of diag- 
nosing a generation of the abnormality described in the 
items (a1) to (a4) or a possibility thereof, on the basis 
of the detected signal from the water temperature sen- 
sor 25b or the like. Further, an operating device (for ex- 
ample, an operating button) capable of manually deter- 
mining whether or not the preheat control is executed 
by the ECU 30 is provided in the driver's seat of the ve- 
hicle on which the engine system 100 is mounted. 
[01 86] When the judgement in the step S601 a is pos- 
itive, that is, when the state of the engine system 100 
corresponds to at least one of the conditions (a1 ) to (a5) 
mentioned above, the ECU 30 temporarily ends the 
present routine. On the contrary, when the state of the 
engine system 100 does not correspond to any one of 
the conditions (a1 ) to (a5) mentioned above, step S601 b 
is executed. 

[0187] In the routine, in a series of steps S601b and 
S602, the ECU 30 recognizes the preheat requirement 
and sets the condition in accordance with the same 
process procedure as that of a series of steps S101 and 
S102 in the "preheat control routine" (Fig. 6) according 
to the first embodiment. 

[01 88] In step S603a following the step S602, the pre- 
heat is executed and the inhibition of the engine start is 
executed. Further, the display of the remaining time until 
the preheat completion is started via the same display 
device as the display monitor 28' (see Fig. 12) which is 
applied in the third embodiment. 
[0189] In the following step S603b, the preheat (the 
operation of the electric pump EP) is continued for a pre- 
determined time (for example, 5 seconds), and the re- 
maining time until the preheat completion is subse- 



17 



33 



EP1 172 538 A2 



34 



quently displayed on the display monitor. 
[0190] When the preheat is completed, the ECU 30 
stops the operation of the electric pump EP in step 
S604a and displays on the display monitor that the pre- 
heat is completed. 5 
[0191] In the following step S604b, a control in con- 
nection with canceling the inhibition of the engine start 
is executed. 

[01 92] In this case, in the "preheat control routine" ac- 
cording to the present embodiment, as the control in 10 
connection with the inhibition of the engine start, the fuel 
supply by the fuel injection valve 18 is inhibited as well 
as the operation of the starter is inhibited. 
[0193] Further, in step S604c following the step 
S604b mentioned above, the starter 26 is automatically is 
controlled so as to start the engine 1 0. 
[01 94] As mentioned above, according to the engine 
system 100 of the present embodiment, there can be 
obtained the common effect to each of the embodiments 
mentioned above, that is, it is possible to start the engine 20 
operation at the point being sufficiently higher than the 
temperature range in which thetrouble is generated with 
respect to at least the gasification of the supplied fuel 
after the engine 10 reliably gets out of the cold state, by 
basically inhibiting the engine start under the condition 25 
that the preheat is not completed. On the contrary, in the 
case that any abnormality is generated in the engine 
system 1 00 (particularly, in the cooling system 20) or the 
preheat execution is cancelled on the basis of the inten- 
tional operation of the driver, the start inhibition of the 30 
engine during the preheat is canceled, whereby it is pos- 
sible to obtain an additional effect that a convenience is 
increased with respect to the operation of the engine 
system 100. 

[0195] In this case, in the present embodiment, the 35 
structure is made such that in the step S601a, the pre- 
heat itself is not executed when the state of the engine 
system 1 00 corresponds to any one of the preheat can- 
celing conditions, however, the structure may be made 
such that the condition is set (controlled) so as to loosen 40 
the inhibiting condition, for example, the preheat is ex- 
ecuted but the engine start is not inhibited (restricted) in 
some conditions, or the inhibiting period is shortened. 

(Sixth embodiment) 45 

[0196] Next, a description will be given of a sixth em- 
bodiment obtained by applying the internal combustion 
engine with the heat accumulating device to the engine 
system to be mounted on the vehicle, by mainly referring 50 
to different points from the first to fifth embodiments 
mentioned above. 

[0197] In this case, in the sixth embodiment, a struc- 
ture of the engine system to be applied, an electrical 
structure of the ECU and around the ECU (Figs. 1 and 55 
2) and the like are the same as those of the first embod- 
iment. Accordingly, the same reference numerals are at- 
tached to the members, the hardware and the like hav- 



ing the same function and structure, and an overlapping 
description is omitted here. 

[0198] The engine system 1 00 according to the sixth 
embodiment determines an executing time of the pre- 
heat on the basis of the cooling water temperature THW 
prior to the execution of the preheat. 
[01 99] Fig. 1 6 is a flow chart showing the process con- 
tents of a "preheat control routine" which the engine sys- 
tem 1 00 according to the present embodiment executes 
at every predetermined time while the engine 1 0 is stop- 
ping. 

[0200] In the routine, in a series of steps S701 and 
S702a, the ECU 30 recognizes the preheat requirement 
and sets the condition in accordance with the same 
process procedure as that of a series of steps S101 and 
S102 in the "preheat control routine" (Fig. 6) according 
to the first embodiment. 

[0201] After passing through the step S702a, in step 
702b, the ECU 30 determines an executing time of the 
preheat (hereinafter, referred to as a preheat time) with 
reference to a map previously set on the basis of the 
current cooling water temperature THW. The preheat 
time corresponds to the operating time of the electric 
pump EP. That is, the longer the preheat time is set, the 
more the heat reserving hot water is circulated and sup- 
plied to the cylinder head 1 0b of the engine 1 0, whereby 
the temperature of the cylinder head 1 0b at a time when 
the preheat is completed is increased. In this case, a 
relation between the preheat time and the cooling water 
temperature THW on the map mentioned above is set 
on the basis of the data orthe like previously determined 
by the experiment so that the warming-up of the engine 
10 is substantially (or entirely) completed due to the 
completion of the preheat. 

[0202] Fig. 1 7 is a graph schematically showing a re- 
lation between the preheat time and the cooling water 
temperature THW on a map applied in the step S702b 
mentioned above. As shown in Fig. 17, it is set so that 
the lower the cool ing water temperature THW becomes, 
the longer the preheat time becomes. In this case, any 
one of the engine inflow water temperature THWin and 
the engine outflow water temperature THWex may be 
applied as a representative value to the cooling water 
temperature THW, or an average value between both of 
THWin and THWex may be applied thereto. 
[0203] In the following step S703a, the ECU 30 starts 
and continues the operation of the electric pump EP and 
the lighting operation of the preheat lamp 28. 
[0204] When the preheat time has passed, the ECU 
30 stops the electric pump EP and turns off the preheat 
lamp 28 (step S704), thereby temporarily finish the proc- 
ess in the present routine. 

[0205] As mentioned above, according to the engine 
system 1 00 of the present embodiment, it becomes pos- 
sible to always apply the necessary and sufficient pre- 
heat time for the engine 10 to get out of the cold state, 
by variably setting the preheat period on the basis of the 
cooling water temperature THW significantly correlating 
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with a degree of a temperature increasing effect of the 
cylinder head obtained by the execution of the preheat. 
[0206] Accordingly, at a time of starting the engine 
system 1 00, even in the case that the environment sur- 
rounding the engine system 100 and the temperature 
condition within the cooling system 20 are changed, it 
is possible to start the engine operation according to the 
timing being sufficiently higher than the temperature ar- 
ea that a trouble is generated with respect to the gasifi- 
cation of the supplied fuel. That is, it is possible to use 
the warming-up effect due to the preheat to the full. 

(Seventh embodiment) 

[0207] Next, a description will be given of a seventh 
embodiment obtained by applying the internal combus- 
tion engine with the heat accumulating device to the en- 
gine system to be mounted on the vehicle, by mainly 
referring to different points from the first to sixth embod- 
iments mentioned above. 

[0208] In this case, in the seventh embodiment, a 
structure of the engine system to be applied, an electri- 
cal structure of the ECU and around the ECU (Figs. 1 
and 2) and the like are the same as those of the first 
embodiment. Accordingly, the same reference numerals 
are attached to the members, the hardware and the like 
having the same function and structure, and an overlap- 
ping description is omitted here. 
[0209] The engine system 100 according to the sev- 
enth embodiment determines the preheat time on the 
basis of the heat accumulating hot water temperature. 
[021 0] Fig. 1 8 is a flow chart showing the process con- 
tents of a "preheat control routine" which the engine sys- 
tem 1 00 according to the present embodiment executes 
at every predetermined time while the engine 1 0 is stop- 
ping. 

[0211] In the routine, in a series of steps S801 and 
S802a, the ECU 30 recognizes the preheat requirement 
and sets the condition in accordance with the same 
process procedure as that of a series of steps S1 01 and 
S102 in the "preheat control routine" (Fig. 6) according 
to the first embodiment. 

[0212] After passing through the step S802a, in step 
802b, the ECU 30 determines the preheat time with ref- 
erence to a map previously set on the basis of the cur- 
rent heat reserving hot water temperature THWre. The 
preheat time corresponds to the operating time of the 
electric pump EP. That is, the longer the preheat time is 
set, the more the heat reserving hot water is circulated 
and supplied to the cylinder head 1 0b of the engine 1 0, 
whereby the temperature of the cylinder head 1 0b at a 
time when the preheat is completed is increased. In this 
case, a relation between the preheat time and the heat 
reserving hot water temperature THWre on the map 
mentioned above is set on the basis of the data or the 
like previously determined by the experiment so that the 
warming-up of the engine 1 0 is substantially (or entirely) 
completed due to the completion of the preheat. 



[0213] Fig. 19 is a graph schematically showing a re- 
lation between the preheat time and the cooling water 
temperature THW on a map applied in the step S802b 
mentioned above. As shown in Fig. 19, it is set so that 
5 the lower the heat reserving hot water temperature 
THWew becomes, the longer the preheat time be- 
comes. 

[0214] In the following step S803a, the ECU 30 starts 
the operation of the electric pump EP and the lighting 
10 operation of the preheat lamp 28. In the following step 
S803b the ECU 30 continues the preheat time deter- 
mined in the step S802b. 

[0215] When the preheat time has passed, the ECU 
30 stops the electric pump EP and turns off the preheat 
15 lamp 28 (stepS804), thereby temporarily finish the proc- 
ess in the present routine. 

[0216] As mentioned above, according to the engine 
system 1 00 of the present embodiment, it becomes pos- 
sible to always apply the necessary and sufficient pre- 
heat time for the engine 10 to get out of the cold state, 
by variably setting the preheat period on the basis of the 
heat reserving hot water temperature THWre signifi- 
cantly correlating with a degree of a temperature in- 
creasing effect of the cylinder head obtained by the ex- 
ecution of the preheat. 

[0217] Accordingly, at a time of starting the engine 
system 1 00, even in the case that the temperature con- 
dition within the heat accumulating device 21 are 
changed, it is possible to start the engine operation in 
conjunction with the timing being sufficiently higher than 
the temperature area that a trouble is generated with 
respect to the gasification of the supplied fuel. That is, 
it is possible to use the warming-up effect due to the 
preheat to the full. 

(Eighth embodiment) 

[0218] Next, a description will be given of an eighth 
embodiment obtained by applying the internal combus- 
tion engine with the heat accumulating device to the en- 
gine system to be mounted on the vehicle, by mainly 
referring to different points from the first to seventh em- 
bodiments mentioned above. 

[0219] In this case, in the eighth embodiment, a struc- 
ture of the engine system to be applied, an electrical 
structure of the ECU and around the ECU (Figs. 1 and 
2) and the like are the same as those of the first embod- 
iment. Accordingly, the same reference numerals are at- 
tached to the members, the hardware and the like hav- 
ing the same function and structure, and an overlapping 
description is omitted here. 

[0220] The engine system 1 00 according to the eighth 
embodiment determines the preheat time on the basis 
of a drive voltage for driving the electric pump EP, that 
is, a voltage of a battery (not shown) in accordance with 
a power supply source of the engine system 1 00 (a bat- 
tery voltage). 

[0221 ] Fig. 20 is a flow chart showing the process con- 
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tents of a "preheat control routine" which the engine sys- 
tem 1 00 according to the present embodiment executes 
at every predetermined time while the engine 1 0 is stop- 
ping. 

[0222] In the routine, in a series of steps S901 and 5 
S902a, the ECU 30 recognizes the preheat requirement 
and sets the condition in accordance with the same 
process procedure as that of a series of steps S1 01 and 
S102 in the "preheat control routine" (Fig. 6) according 
to the first embodiment. 10 
[0223] After passing through the step S902a, in step 
902b, the ECU 30 determines the preheat time with ref- 
erence to a map (not shown) previously set on the basis 
of the current battery voltage. The preheat time corre- 
sponds to the operating time of the electric pump EP. 1$ 
That is, the longer the preheat time is set, the more the 
heat reserving hot water is circulated and supplied to 
the cylinder head 10b of the engine 10, whereby the 
temperature of the cylinder head 1 0b at a time when the 
preheat is completed is increased. Further, the lower the 20 
battery voltage at a time of starting the preheat be- 
comes, the slower the flow velocity of the heat reserving 
hot water supplied (flown) to the engine 1 0 from the heat 
accumulating device due to the execution of the preheat 
becomes. Accordingly, the lower the battery voltage be- 25 
comes, the longer the preheat time is set to be. In this 
case, a relation between the preheat time and the bat- 
tery voltage on the map mentioned above is set on the 
basis of the data or the like previously determined by 
the experiment so that the warming-up of the engine 1 0 30 
is substantially (or entirely) completed due to the com- 
pletion of the preheat. 

[0224] In the following step S903a, the ECU 30 starts 
the operation of the electric pump EP and the lighting 
operation of the preheat lamp 28, and in the step S902b, 35 
it continues the determined preheat time (step S903b). 
[0225] When the preheat time has passed, the ECU 
30 stops the electric pump EP and turns off the preheat 
lamp 28 (step S904), thereby temporarily finishing the 
process in the present routine. 40 
[0226] As mentioned above, according to the engine 
system 100 of the present embodiment, it becomes pos- 
sible to always apply the necessary and sufficient pre- 
heat time for the engine 1 0 to get out of the cold state, 
by variably setting the preheat period on the basis of the 45 
battery voltage significantly correlating with a flow 
amount (a flow velocity) of the heat reserving hot water 
flowing toward the cylinder head 10b from the heat ac- 
cumulating device 21 at a time of executing the preheat. 
[0227] Accordingly, at a time of starting the engine 50 
system 1 00, even in the case that the environment sur- 
rounding the engine system 100 and the temperature 
condition within the cooling system 20 are changed, it 
is possible to start the engine operation in conjunction 
with the timing being sufficiently higher than the temper- 55 
ature area that a trouble is generated with respect to the 
gasification of the supplied fuel. That is, it is possible to 
use the warming-up effect due to the preheat to the full. 



(Ninth embodiment) 

[0228] Next, a description will be given of a ninth em- 
bodiment obtained by applying the internal combustion 
engine with the heat accumulating device to the engine 
system to be mounted on the vehicle, by mainly referring 
to different points from the first to eighth embodiments 
mentioned above. 

[0229] In this case, in the ninth embodiment, a struc- 
ture of the engine system to be applied, an electrical 
structure of the ECU and around the ECU (Figs. 1 and 
2) and the like are the same as those of the first embod- 
iment. Accordingly, the same reference numerals are at- 
tached to the members, the hardware and the like hav- 
ing the same function and structure, and an overlapping 
description is omitted here. 

[0230] The engine system 1 00 according to the ninth 
embodiment provides the driver with information con- 
cerning the judgement with respect to "whether or not 
the preheat can be executed" or "whether or not the ex- 
ecution of the preheat is necessary", with reference to 
the state of the engine system 1 00 and the environment 
surrounding the system 1 00, prior to the start of the en- 
gine 10. Accordingly, the engine system 100 comprises 
a display device which is different from the preheat lamp 
28 (see Fig. 8) employed in the first embodiment. The 
display device is provided in the indicator panel. 
[0231] Fig. 21 schematically shows the indicator pan- 
el provided in the driver's seat of the vehicle on which 
the engine system 1 00 according to the present embod- 
iment is mounted. As shown in Fig. 22, the engine sys- 
tem 1 00 according to the present embodiment is provid- 
ed with a display monitor 28a for displaying a number 
in accordance with the remaining time (second) until the 
preheat completion in response to the command signal 
output from the ECU 30, a preheat unnecessary display 
lamp 28b turning on in the case that the execution of the 
preheat is not required so as to display that, and a pre- 
heat impossible display lamp 28c turning on in the case 
that the execution of the preheat is impossible so as to 
display that, on the indicator panel. 
[0232] Fig. 22 is a flow chart showing the process con- 
tents of a "preheat control routine" which the engine sys- 
tem 1 00 according to the present embodiment executes 
at every predetermined time while the engine 1 0 is stop- 
ping. 

[0233] In the routine, in a series of steps S1001 and 
S1002a, the ECU 30 recognizes the preheat require- 
ment and sets the condition in accordance with the 
same process procedure as that of a series of steps 
S101 and S102 in the "preheat control routine" (Fig. 6) 
according to the first embodiment. 
[0234] In the case that the judgement in the step 
S1 002a is negative, the ECU 30 judges that the engine 
10 is not under the cold state, turns on the preheat un- 
necessary display lamp 28b (see Fig. 21 ) so as to inform 
the driver of the engine 1 0 of that the preheat is not nec- 
essary (step S1005), and finishes the process in the 
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present routine. 

[0235] In the case that the judgement in the step 
1 002a mentioned above is positive, in step S1 002b, the 
ECU 30 judges whether or not the heat accumulating 
hot water temperature is lower than a predetermined 5 
value. In order to effectively increase the temperature 
of the cylinder head 1 0b by supplying the cooling water 
(the heat reserving hot water) stored in the heat accu- 
mulating device 21 , it is preferable that the heat reserv- 
ing hot water temperature THWre is equal to or higher 10 
than the predetermined value. Accordingly, in the case 
that the heat reserving hot water temperature THWre is 
lower than the predetermined value, the ECU 30 judges 
that the execution of the preheat is impossible and in- 
forms the driver of that. 15 
[0236] That is, in the case that the judgement in the 
step S1002b is negative, the ECU 30 turns on the pre- 
heat impossible display lamp 28c (step S1 006), and fin- 
ishes the process in the present routine. 
[0237] On the contrary, in the case that the judgement 20 
in the step S1002 is positive, the ECU 30 determines 
the preheat time in step S1002c. 
[0238] The preheat time is determined by referring to 
a map (not shown) previously set on the basis of the 
current cooling water temperature THW and the heat re- 25 
serving hot water temperature THWre. The preheat time 
corresponds to the operating time of the electric pump 
EP. The lower the cooling water temperature THW at a 
time of starting the preheat is, the longer the preheat 
time is set. Further, the lower the heat reserving hot wa- 30 
ter temperature THWre at a time of starting the preheat 
is, the longer the preheat time is set. In this case, as the 
cooling water temperature THW, any one of the engine 
inflow water temperature THWin and the engine outflow 
water temperature THWex may be employed as a rep- 35 
resentative value. Further, a relation among the preheat 
time, the cooling water temperature THW and the heat 
reserving hot water temperature THWre on the map 
mentioned above is set on the basis of the data or the 
like previously determined by the experiment so that the 40 
warming-up of the engine 1 0 is substantially (or entirely) 
completed due to the completion of the preheat. 
[0239] In the following step S1003a, the ECU 30 con- 
tinues the preheat (the operation of the electric pump 
EP) for a predetermined time (for example, 5 seconds) 45 
and also subsequently displays the remaining time until 
the preheat completion on the display monitor 28a. 
[0240] When the preheat is completed, the operation 
of the electric pump EP is stopped in step S 1004, a par- 
ticular number (for example, "00") is displayed on the so 
display monitor 28a, and the incidence that the preheat 
is completed is notified to the driver by flashing on and 
off the displayed number or the like. 
[0241 ] After passing through the step S1 004, the ECU 
30 finishes the process in the present routine. 55 
[0242] As mentioned above, according to the engine 
system 1 00 of the present embodiment, prior to the start 
of the engine 1 0, it is possible to inform the driver of the 



engine 1 0 of the information concerning the judgement 
with respect to whether or not the preheat is necessary. 
Accordingly, in the case that the ECU 30 judges that the 
execution of the preheat is not required, for example, so 
as to allow the engine 10 to start immediately after the 
door of the driver's seat is opened, the driver can know 
that the execution of the preheat is not required. That 
is, with respect to the incidence that the preheat is not 
executed before the engine 10 is started, for example, 
the driver does not have any doubt that any trouble is 
generated in the engine system 100. Accordingly, a 
comfortable start operability of the engine 1 0 for the driv- 
er can be obtained. 

[0243] Further, according to the engine system 1 00 of 
the present embodiment, it is possible to inform the driv- 
er of the engine 10 of the information concerning the 
judgement with respect to whether or not the preheat 
can be executed with referenceto the state of the engine 
system 100 and the environment surrounding the en- 
gine system 100. Accordingly, in the case that the pre- 
heat can not be executed due to some reasons, the driv- 
er can quickly start the engine in a state of knowing the 
information. Therefore, even when the engine 10 is 
started according to the different procedure from the 
normal procedure (the procedure of starting the engine 
after the preheat is completed), it is possible for the driv- 
er to execute the start operation without feeling a sense 
of discomfort. 

[0244] Further, for example, in the case that any ab- 
normality is generated in the cooling system 20 of the 
engine system 1 00 and the cooling water having a suf- 
ficiently high temperature can not be stored in the heat 
accumulating device 21 , the driver of the engine system 
1 00 can early recognize that and easily give a suitable 
response. 

[0245] Further, in the engine system 1 00 according to 
the present embodiment, both of the cooling water tem- 
perature THW and the heat reserving hot water temper- 
ature THWre are referred to at a time of determining the 
preheat time. Both of the cooling water temperature 
THW at a time of starting the preheat and the heat re- 
serving hot water temperature THWre at a time of start- 
ing the preheat correspond to parameters which signif- 
icantly correlate with the degree of the temperature in- 
creasing effect of the cylinder head obtained by the ex- 
ecution of the preheat, and independently change with 
giving no influence to each other. That is, according to 
the present embodiment, it is possible to calculate the 
preheat time necessary and sufficient for the engine 1 0 
to get out of the cold state, at a further high accuracy. 
That is, it is possible to more effectively make good use 
of the warming-up effect due to the preheat. 

(Tenth embodiment) 

[0246] Next, a description will be given of a tenth em- 
bodiment obtained by applying the internal combustion 
engine with the heat accumulating device to the engine 
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system to be mounted on the vehicle, by mainly referring 
to different points from the first to ninth embodiments 
mentioned above. 

[0247] In this case, in the tenth embodiment, a struc- 
ture of the engine system to be applied, an electrical 
structure of the ECU and around the ECU (Figs. 1 and 
2) and the like are the same as those of the first embod- 
iment. Accordingly, the same reference numerals are at- 
tached to the members, the hardware and the like hav- 
ing the same function and structure, and an overlapping 
description is omitted here. 

[0248] The engine system 1 00 according to the tenth 
embodiment determines the preheat time on the basis 
of a temperature of an inner wall of the intake port 16 
provided within the cylinder head 10b. Accordingly, the 
engine system 1 00 includes an intake port wall temper- 
ature sensor 50 which is embedded in the inner wall of 
any one of the intake ports 16 of the engine 10 or pro- 
truded therefrom. The intake port wall temperature sen- 
sor 50 outputs to the ECU 30 the detected signal in re- 
sponse to the temperature near the wall surface of the 
inner wall of the intake port 16 (hereinafter, referred to 
as an intake port wall temperature) (see Fig. 23). In the 
present embodiment, the intake port wall temperature 
sensor 50 is arranged near an intake port side cooling 
water passage Pa, however, may be arranged in the fuel 
injection valve 1 8. 

[0249] Fig. 24 is a flow chart showing the process con- 
tents of a "preheat control routine" which the engine sys- 
tem 1 00 according to the present embodiment executes 
at every predetermined time while the engine 1 0 is stop- 
ping. 

[0250] In the routine, in a series of steps S1101 and 
S1102a, the ECU 30 recognizes the preheat require- 
ment and sets the condition in accordance with the 
same process procedure as that of a series of steps 
S101 and S102 in the "preheat control routine" (Fig. 6) 
according to the first embodiment. 
[0251 ] In step S1 1 02b following the step S1 1 02a men- 
tioned above, the preheat time is determined on the ba- 
sis of the intake port wall temperature of the engine 1 0. 
The preheat time corresponds to the operating time of 
the electric pump EP. That is, the longerthe preheat time 
is set, the more the heat reserving hot water is circulated 
and supplied to the cylinder head 1 0b of the engine 1 0, 
whereby the temperature of the cylinder head 1 0b at a 
time when the preheat is completed is increased. Then, 
the lower the intake port wall temperature at a time of 
starting the preheat is, the longerthe preheat time is set. 
In this case, a relation between the preheat time and the 
intake port wall temperature is set with reference to the 
data or the like previously determined by the experiment 
so that the warming-up of the engine 1 0 is substantially 
(or entirely) completed due to the completion of the pre- 
heat. 

[0252] I n the following step S1 1 03a, the ECU 30 starts 
the operation of the electric pump EP and the lighting 
operation of the preheat lamp 28, and continues for the 



time determined in the step S1102b mentioned above 
(the preheat time) (step S1103b). 
[0253] When the preheat time has passed, the ECU 
30 stops the electric pump EP and turns off the preheat 

5 lamp 28 (step S1104), thereby temporarily finishing the 
process in the present routine. 
[0254] As mentioned above, according to the engine 
system 1 00 of the present embodiment, it becomes pos- 
sible to always apply the necessary and sufficient pre- 

10 heat time for the engine 1 0 to get out of the cold state, 
by variably setting the preheat period on the basis of the 
intake port wall temperature significantly correlating with 
a degree of the temperature increasing effect of the cyl- 
inder head obtained by executing the preheat. 

15 [0255] Accordingly, at a time of starting the engine 
system 100, even in the case that the environment sur- 
rounding the engine system 100 and the temperature 
condition within the cooling system 20 are changed, it 
is possible to start the engine operation in conjunction 

20 with the timing being sufficiently higher than the temper- 
ature area that a trouble is generated with respect to the 
gasification of the supplied fuel. That is, it is possible to 
use the warming-up effect due to the preheat to the full. 
[0256] In this case, at a time of starting the engine 1 0, 

25 the injection amount of the fuel (the fuel injection 
amount) or the like supplied to the engine 10 through 
the fuel injection valve 1 8 may be corrected on the basis 
of the intake port wall temperature mentioned above. 
[0257] Fig. 25 is a process routine which the ECU 30 

30 executes for starting the engine 1 0. The routine is exe- 
cuted at every predetermined time while the engine 1 0 
is stopping. That is, in the routine, the ECU 30 periodi- 
cally judges whether or not there exists the requirement 
for starting the engine 10 (of the engine start), for exam- 

35 pie, on the basis of the intention of the driver (step 
S1111). If the judgement is positive, the ECU 30 drives 
the starter 26 so as to start the engine 10, and corrects 
the fuel injection amount and the ignition timing on the 
basis of the timely intake port wall temperature, for a 

40 predetermined period (about some seconds) after the 
start of the engine. 

[0258] After the preheat is completed, an average 
temperature of the cylinder head 1 0b exceeds a prede- 
termined value, however, it is not possible to secure that 
45 a local temperature of the inner wall of the intake port 
16 also reaches a temperature adequate for atomizing 
the fuel used for combustion. 

[0259] As mentioned above, if the correction of the fu- 
el injection amount and the ignition timing on the basis 

so of the intake port wall temperature is executed from the 
starting time of the engine 10 to the time immediately 
after starting, together with the "preheat control routine" 
according to the present embodiment, the exhaust char- 
acteristics can be improved even at an extremely short 

55 time from the starting time of the engine 1 0 to the time 
immediately after starting, in other words, even in a pe- 
riod until the combustion state of the engine 1 0 becomes 
stable, so that an effect in connection with the improve- 
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ment of the exhaust characteristics due to the execution 
of the preheat can be further increased. 

(Eleventh embodiment) 

5 

[0260] Next, a description will be given of an eleventh 
embodiment obtained by applying the internal combus- 
tion engine with the heat accumulating device to the en- 
gine system to be mounted on the vehicle, by mainly 
referring to different points from the first to tenth embod- 10 
iments mentioned above. 

[0261] In this case, in the eleventh embodiment, a 
structure of the engine system to be applied, an electri- 
cal structure of the ECU and around the ECU (Figs. 1 
and 2) and the like are the same as those of the first 1$ 
embodiment. Accordingly, the same reference numerals 
are attached to the members, the hardware and the like 
having the same function and structure, and an overlap- 
ping description is omitted here. 

[0262] The engine system 1 00 according to the elev- 20 
enth embodiment determines the finish timing of the pre- 
heat time on the basis of an amount of increase of the 
engine outflow water temperature THWex due to the ex- 
ecution of the preheat. 

[0263] Fig. 26 is a flow chart showing the process con- 25 
tents of a "preheat control routine" which the engine sys- 
tem 1 00 according to the present embodiment executes 
at every predetermined time while the engine 1 0 is stop- 
ping. 

[0264] In the routine, in a series of steps S1201 and 30 
S1 202, the ECU 30 recognizes the preheat requirement 
and sets the condition in accordance with the same 
process procedure as that of a series of steps S1 01 and 
S102 in the "preheat control routine" (Fig. 6) according 
to the first embodiment. 35 
[0265] After passing through the step S1 202, the ECU 
30 starts the operation of the electric pump EP and the 
lighting operation of the preheat lamp 28 (step S1 203a). 
[0266] During the operation of the electric pump EP 
(during the executing period of the preheat), the ECU 40 
30 observes the engine outflow water temperature 
THWex (step S1203b), stops the electric pump EP at a 
time when a value (hereinafter, referred to as an outflow 
water temperature increasing amount) ATHWex ob- 
tained by reducing an initial value THWexO of the engine 45 
outflow water temperature THWex (hereinafter, referred 
to as an initial water temperature) observed at a time of 
starting the operation of the electric pump EP (starting 
the preheat) from the observed engine outflow water 
temperature THWex becomes higher than a predeter- 50 
mined value, and then turns off the preheat lamp 28 
(step St 204), thereby temporarily finishing the process 
in the present routine. 

[0267] Fig. 27 is a time chart showing one example of 
a transition pattern of the heat reserving hot water tern- 55 
perature THWre and the engine outflow water temper- 
ature THWex observed after starting the preheat. Fur- 
ther, a time t10 indicated on a time axis (a horizontal 



axis) corresponds to a preheat starting time (a time for 
starting the operation of the electric pump EP). 
[0268] As shown in Fig. 27, when the preheat is start- 
ed, the heat reserving hot water stored in the heat ac- 
cumulating device 21 flows into the cylinder head 10b 
through the engine side passage B2 and thereafter 
reaches the water temperature sensor 25a through the 
cylinder head 10b (also see Fig. 1). Accordingly, after 
starting the preheat, an output signal of the water tem- 
perature sensor 25a in accordance with the engine out- 
flow water temperature THWex is quickly increased (a 
time t11). On the contrary, when the heat reserving hot 
water passes through the cylinder head 1 0b, a heat ex- 
change is performed between the heat reserving hot wa- 
ter and the cylinder head 10b, and a part of the heat 
reserving hot water is mixed with the cooling water 
stored within the cylinder head 10b. As a result, even if 
the heat reserving hot water passing through the cylin- 
der head 10b reaches the water temperature sensor 
25a, the engine outflow water temperature THWex be- 
comes lower than the heat reserving hot water temper- 
ature THWre. However, since a heat radiation amount 
of the heat reserving hot water is reduced as the tem- 
perature of the cylinder head 10b is increased thereaf- 
ter, the engine outflow water temperature THWex is 
gradually increased. 

[0269] In this case, the transition pattern of the engine 
outflow water temperature THWex is quantitatively re- 
flected by the heat radiation amount of the heat reserv- 
ing hot water within the cylinder head 1 0b during the ex- 
ecution of the preheat, in other words, a heat absorbing 
amount of the cylinder head 1 0b. Actually, it is confirmed 
by the inventors that the engine outflow water tempera- 
ture THWex observed during the execution of the pre- 
heat has a high correlation with the temperature of the 
cylinder head 10b. 

[0270] Accordingly, in the engine system 1 00 accord- 
ing to the present embodiment, there is employed a con- 
trol configuration of estimating that, when the outflow 
water temperature increasing amount ATHWex in ac- 
cordance with the difference between the engine out- 
flow water temperature THWex observed during the ex- 
ecution of the preheat and the initial value THWexO be- 
comes higher than the predetermined value, the tem- 
perature of the cylinder head 10b reaches a sufficiently 
high temperature so as to finish the preheat and allow 
the engine 10 to start,. 

[0271] As mentioned above, according to the engine 
system 1 00 of the present embodiment, it becomes pos- 
sible to always apply the necessary and sufficient pre- 
heat time for the engine 10 to get out of the cold state, 
by determining the preheat period on the basis of the 
outflow water temperature increasing amount ATHWex 
significantly correlating with the temperature of the cyl- 
inder head 10b increasing due to the execution of the 
preheat. 

[0272] Accordingly, at a time of starting the engine 
system 1 00, even in the case that the environment sur- 
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rounding the engine system 100 and the temperature 
condition within the cooling system 20 are changed, it 
is possible to start the engine operation in conjunction 
with the timing being sufficiently higher than the temper- 
ature area that a trouble is generated with respect to the 5 
gasification of the supplied fuel. That is, it is possible to 
use the warming-up effect due to the preheat to the full. 

(Twelfth embodiment) 

w 

[0273] Next, a description will be given of a twelfth em- 
bodiment obtained by applying the internal combustion 
engine with the heat accumulating device to the engine 
system to be mounted on the vehicle, by mainly referring 
to different points from the first to eleventh embodiments 15 
mentioned above. 

[0274] In this case, in the twelfth embodiment, a struc- 
ture of the engine system to be applied, an electrical 
structure of the ECU and around the ECU (Figs. 1 and 
2) and the like are the same as those of the first embod- 20 
iment. Accordingly, the same reference numerals are at- 
tached to the members, the hardware and the like hav- 
ing the same function and structure, and an overlapping 
description is omitted here. 

[0275] Fig. 28 is a perspective view schematically 25 
showing an outer appearance of a vehicle on which the 
engine system 1 00 according to the invention is mount- 
ed. A vehicle 200 corresponds to a passenger vehicle 
of a front wheel drive type, and is provided with an en- 
gine room 201 for receiving the engine 1 0 in a front por- 30 
tion of the vehicle. A hood 202 constituting a part of an 
armor of the vehicle 1 00 is a sheet-like member, is sup- 
ported by a pair of hood hinges 203, and can be freely 
opened and closed along an X direction. The hood 202 
is opened, whereby the engine room 201 and the engine 35 
1 0 received therewithin are exposed to the outside. The 
vehicle 200 in Fig. 28 is under a state that the hood 202 
is opened. A hood opening and closing detecting sensor 
(constituting open state recognizing means) 204 is elec- 
trically connected to the ECU 30 (see Fig. 1 ) and outputs *o 
a predetermined detecting signal in the case that the 
hood 202 is opened, thereby making the ECU 30 rec- 
ognize whether the hood 202 is under the open state or 
the closed state. An emergency start switch (constitut- 
ing the inhibiting operation portion) 205 provided within 45 
the engine room 201 automatically starts the engine 1 0 
on the basis of a manual operation. Further, a buzzer 

206 provided within the engine room 201 generates an 
alarm sound in accordance with the command signal of 

the ECU 30. - so 

[0276] Further, a sensor (not shown) detecting the 
opening and closing of the door is attached to a door 

207 or a peripheral portion thereof. 

[0277] Figs. 29 and 30 are flow charts showing the 
process contents of a "preheat control routine" which the 55 
engine system 100 according to the present embodi- 
ment executes at every predetermined time while the 
engine 10 is stopping. 



[0278] In the present routine, in a series of steps 
S1301 to S1306, the ECU 30 recognizes the trigger for 
starting the preheat and judges whether or not the pre- 
heat is executed. 

[0279] That is, when this routine is executed, the ECU 
30 at first expects in step S1301 (Fig. 29) that the driver 
will intend to start the engine 10 in the case that the 
opening of the door 207 on the side of driver's seat in 
the vehicle 200 is recognized. That is, step S1 302 is ex- 
ecuted so as to switch a main relay supplying a power 
to a circuit for driving various kinds of actuators neces- 
sary for executing the preheat and starting the engine 
10, from an "OFF" state to an "ON 0 state. The actuators 
includes such as the electric pump EP, the starter 26, 
the fuel injection valve 1 8, the igniter 19 and the like. On 
the contrary, in the case that the door on the side of driv- 
er's seat of the vehicle is not recognized to be opened 
in the step S1301 , the present routine ends. 
[0280] After finishing the process in the step S1302, 
the ECU 30 confirms that the emergency start switch 
205 is under the "OFF" state (step S1303) and the cool- 
ing water temperature THW is lower than the predeter- 
mined value (step S1304), and thereafter, executes the 
preheat according to the procedure following step 
S1305. 

[0281] On the contrary, in the case that the ECU 30 
judges in the step S 1 303 that the emergency start switch 
205 is under the "ON" state, the ECU 30 jumps the proc- 
ess to steps S1307 and allows the engine 10 to start 
without executing the preheat. The procedure for allow- 
ing the engine 1 0 to start without executing the preheat 
will be described later. Further, in the case that it is con- 
firmed in the step S1 304 that the cooling water temper- 
ature is equal to or higher than a predetermined value, 
the ECU 30 judges that the preheat is not required to be 
executed since the temperature of the engine 1 0 is suf- 
ficiently high, and temporarily ends the present routine. 
[0282] In the step S1305, the preheat time is deter- 
mined on the basis of the cooling water temperature 
THW. 

[0283] In step S1306, the operation of the electric 
pump EP is started and the preheat lamp 28 (refer to 
both of Figs. 1 and 8) is turned on. 
[0284] Following a series of processes in the steps 
S1301 to S1306 mentioned above, in a series of proc- 
esses in step S1307 to S1313 (Fig. 30), the execution 
of the preheat is continued and the engine 1 0 is started 
after the execution is completed. On the contrary, in the 
case that a predetermined condition is established at a 
time of starting the preheat or during the executing pe- 
riod, the preheat is abandoned (steps S1321 and 
S 1 322) or interrupted and subsequently resumed (steps 
S1331 toS1333). 

[0285] At first, it is judged in the step S1 307 (Fig. 30) 
whether or not the position of the ignition key 27a (the 
ignition switch) inserted to the key cylinder 27 (see both 
Figs. 1 and 7) is switched to the "ON". Further, when the 
judgement is positive, and step S1308 is executed, and 
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when the judgement is negative, and step S1321 is ex- 
ecuted. 

[0286] In the step S1 308, it is judged whether or not 
the ignition switch is switched to the "START 1 (see Fig. 
7). Further, when the judgement is positive, step S1309 5 
is executed, and when the judgement is negative, the 
process is returned to the step S1307. 
[0287] On the contrary, in the case that the judgement 
in the step S1 307 is negative, it is judged whether or not 
the door on the side of the driver's seat is in the opened 10 
state and the predetermined time has passed (step 
S1 321 ), so that in the case that the judgement is nega- 
tive, the process is returned to the step S1307, and in 
the case that the judgement is positive, the main relay 
is set to be under the "OFF" state, and the ECU 30 ends 15 
the present routine (step S1322). 
[0288] In the case that the judgement in the step 
S1308 mentioned above is positive, it is judged whether 
or not the electric pump EP is currently under operation 
(step S 1 309). The negative judgement means the emer- 20 
gency start switch 205 is under the "ON" state, or the 
electric pump EP is not operated due to some reasons 
in spite that the engine 10 is under a state the preheat 
should be executed, in the case of judging with refer- 
ence to the cooling water temperature THW (S1304). 25 
Further, as is apparent from the judgement in the step 
S1308, the ignition switch at this time is at the "START 1 
position. Accordingly, in the case that the judgement in 
the step S1309 is negative, the ECU 30 operates the 
starter 26 so as to start the engine 1 0, and finishes the 30 
process in the present routine. 
[0289] On the contrary, in the case that the judgement 
in the step S1309 is positive, the execution of the pre- 
heat is continued while monitoring the opening and clos- 
ing state of the hood 202 according to the process pro- 35 
cedure following step S1 31 0. 

[0290] That is, in the step 1310, while repeating the 
judgement whether or not the hood 202 is closed, the 
operation of the electric pump EP is continued as far as 
the judgement is positive, until it is confirmed that the 40 
predetermined time (the preheat time) has passed after 
starting the operation of the electric pump EP (step 

51312) . 

[0291] When it is confirmed in the step S1312 that the 
preheat time has passed, the ECU 30 operates the start- 45 
er 26 so as to automatically start the engine 10 (step 

51313) , and finishes the process in the present routine. 
[0292] On the contrary, in the case that the hood 202 
is opened at a time of starting the preheat, or in the case 
that the hood 202 is opened after starting the preheat, so 
the judgement in the step S1 31 0 becomes negative, and 
step S1331 is executed. 

[0293] In the step S1331 , an alarm sound is generat- 
ed via the buzzer 206, and the operation of the electric 
pump EP is interrupted. Thereafter, the ECU 30 repeat- 55 
edly judges in the following step S1332 at every prede- 
termined time whether or not the hood 202 is closed, 
resumes the operation of the electric pump EP at a time 



when it is confirmed that the hood 202 is closed, and 
returns the process to the step S1308. 
[0294] As mentioned above, according to the engine 
system 1 00 of the present embodiment, in the case that 
the engine room in the vehicle on which the engine sys- 
tem 1 00 is mounted is under the open state, the execu- 
tion of the preheat is restricted. As a result, an automatic 
start of the engine 10 interlocked with the execution of 
the preheat is not performed. Accordingly, the driver and 
the maintenance worker are not surprised by an unex- 
pected start of the engine 1 0 in the case of opening the 
hood so as to maintain the engine system 100 or the 
like, or feel burdensome, so that a convenience can be 
improved. 

[0295] Further, since the emergency start switch is 
provided, it is possible to forcibly start the engine 1 0 ac- 
cording to an intention of the driver and the maintenance 
worker. Accordingly, the driver and the maintenance 
worker can feel a comfortable operation feeling with re- 
spect to the driving operation of the engine system 100 
since the intention of themselves is basically taken pri- 
ority, so that it is possible to further improve the conven- 
ience. 

[0296] Further, in the present embodiment, the struc- 
ture is made such that the main relay is turned ON by 
recognizing the opening of the door 207, however, in 
place of this, the structure may be made such that the 
main relay is turned ON by expecting that the door 207 
is opened. For example, it is possible to expect that the 
door 207 is opened, by detecting that the door lock is 
turned OFF from ON. 

(Thirteenth embodiment) 

[0297] Next, a description will be given of an thirteenth 
embodiment obtained by applying the internal combus- 
tion engine with the heat accumulating device to the en- 
gine system to be mounted on the vehicle, by mainly 
referring to different points from the first to twelfth em- 
bodiments mentioned above. 
[0298] In this case, in the thirteenth embodiment, a 
structure of the engine system to be applied, an electri- 
cal structure of the ECU and around the ECU (Figs. 1 
and 2) and the like are the same as those of the first 
embodiment. Accordingly, the same reference numerals 
are attached to the members, the hardware and the like 
having the same function and structure, and an overlap- 
ping description is omitted here. 
[0299] The engine system 100 according to the thir- 
teenth embodiment continuously supplies the heat re- 
serving hot water left within the heat accumulating de- 
vice 21 to the cylinder head 10b even after the preheat 
is finished. 

[0300] Fig. 31 is a flow chart showing the process con- 
tents of a "preheat control routine" which the engine sys- 
tem 1 00 according to the present embodiment executes 
at every predetermined time while the engine 1 0 is stop- 
ping. 
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[0301] In the routine, in a series of steps S1401 to 
S1404, the ECU 30 recognizes the preheat require- 
ment, sets the condition and executes the preheat in ac- 
cordance with the same process procedure as that of a 
series of steps S801 to S804 in the "preheat control rou- 5 
tine" (Fig. 18) according to the seventh embodiment. 
[0302] Further, when a predetermined time (the pre- 
heat time) has passed after starting the execution of the 
preheat (steps S1403a and S1404), the ECU 30 turns 
off the preheat lamp 28 in a state of sill keeping the op- 10 
eration of the electric pump EP (step S1411). 
[0303] In the following step S1412, it is judged wheth- 
er or not the start signal of the engine 10 is generated 
after the present routine is started. As the start signal of 
the engine 1 0 as mentioned above, it is possible to em- '5 
ploy the command signal output from the ECU 30 in or- 
der to drive, for example, the starter 26, the fuel injection 
valve 18 or the igniter 19. If the judgement in the step 
S1412 is positive, and step S1413 is executed, contin- 
ues the execution of the preheat (the operation of the 20 
electric pump EP) until the temperature of the cooling 
water within the heat accumulating device 21, that is, 
the heat reserving hot water temperature THWre be- 
comes equal to or lower than a predetermined value, 
and thereafter, stops the operation of the electric pump 25 
EP(stepS1415). 

[0304] On the contrary, in the case that the judgement 
in the step S 141 2 is negative, the ECU 30 judges wheth- 
er or not the predetermined time has passed after the 
preheat time passed (after the step S1 41 1 is executed) 30 
(step S1414), returns the process to the step S1412 
when the judgement is negative, and step S1415 is ex- 
ecuted so as to stop the operation of the electric pump 
EP when the judgement is positive. 
[0305] That is, even in the case that the warming-up 35 
caused by the preheat is in any case completed and the 
engine 10 becomes under the state of being preferably 
started, the operation of the electric pump EP is contin- 
ued as far as the heat reserving hot water capable of 
effectively increasing the of temperature of the cylinder 40 
head 1 0b stays within the heat accumulating device 21 . 
That is, even after starting the engine 10, the heat re- 
serving hot water is supplied within the cylinder head 
10b for a moment. 

[0306] I n this case, if the engine is not started until the 45 
predetermined period has passed after the preheat time 
has passed, the operation of the electric pump EP is 
temporarily stopped on the basis of the judgement in the 
step S1 41 4 and the process in the step S1415. 
[0307] AfterpassingthroughthestepS1415,the ECU 50 
30 finishes the process in the present routine. 
[0308] In most cases, the temperature of the internal 
combustion engine does not reach the temperature of 
the supplied heat transfer medium even after finishing 
the warming-up, so that there is frequently left room that ss 
the heat of the heat transfer medium is transmitted to 
more fine portions. However, according to the engine 
system 100 of the present embodiment, it is possible to 



improve a stability of the engine combustion immediate- 
ly after starting the engine 10 and further improve the 
exhaust characteristics by performing control so as to 
make good use of the heat reserving hot water left in the 
heat accumulating device 21 even after the warming-up 
of the engine 1 0 caused by the preheat is completed. 
[0309] Further, since there is employed the control 
configuration for stopping the supply of the heat reserv- 
ing hot water in the case that the heat reserving hot wa- 
ter temperature THWre becomes equal to or lower than 
a predetermined value at a time of executing the control, 
or in the case that the engine is not started even after 
the predetermined time has passed after completing the 
preheat, the drive electric power of the electric pump EP 
and an amount of consumption of the heat reserving hot 
water (heat) stored in the heat accumulating device 21 
is kept minimum. 

[0310] In this case, in the step S1 403a in the "preheat 
control routine" according to the present embodiment, 
a time shorter than the time for entirely completing the 
warming-up of the engine 10 may be set as the preheat 
time. As mentioned above, if the preheat time is inten- 
tionally shorted, a sense of discomfort can be further re- 
duced for the driver since a waiting time before starting 
is shortened, and with respect to the exhaust character- 
istics of the engine 10 and the like, the warming-up is 
completed immediately after the engine 10 is started, 
because the heat reserving hot water is continuously 
supplied after the engine 10 is started even when the 
warming-up before the engine is started is not entirely 
finished. Accordingly, it is possible to preferably achieve 
both of improvement of the operating feeling at a time 
of starting the engine 10 and improvement of the ex- 
haust characteristics and the fuel economy. 

(Other embodiments) 

[0311] In this case, it is possible to construct the other 
control configuration obtained by mutually combining 
the processed in the respective steps of the "preheat 
control routine" according to the first to thirteenth em- 
bodiments. For example, in the "preheat control routine" 
in any one of the embodiments, it is possible to control 
so as to automatically start the engine 1 0 after canceling 
the inhibition of the start of the engine 1 0, or it is possible 
to allow a manual start. 

[0312] Further, the motion applied as the trigger for 
starting the preheat in the "preheat control routine" ac- 
cording to each of the embodiments mentioned above 
is not limited to the operation of the ignition key 27a and 
the opening of the door on the side of driver's seat, and 
may be replaced, for example, by various kinds of mo- 
tions such as a sitting on the driver's seat of the driver, 
a fastening of the seat belt, a depressing of the brake 
pedal, a depressing of the clutch pedal in the MT vehicle, 
and the like. Of course, in this case, devicees for detect- 
ing the sitting, the fastening of the seat belt, the depress- 
ing of the brake pedal, and the depressing of the clutch 
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pedal are respectively required. A fail-safe structure 
such that the engine is not started until the clutch pedal 
is depressed is frequently employed in the MT vehicle. 
Further, the control configuration may be made such 
that various kinds of motions are combined and the pre- 
heat is started if a plurality of motions are detected. Fur- 
ther, for example, if the structure is made such that a 
transmitting device sending a specific signal on the ba- 
sis of the operation of the driver is installed in the ignition 
key 27a, and the preheat is started according to the trig- 
ger generated by a remote operation via a communicat- 
ing signal by the transmitting device, it is possible to ob- 
tain the same effect as or similar effect to that of each 
of the embodiments. 

[0313] Further, in each of the embodiments men- 
tioned above, the temperature (for example, 60 to 80 °C 
or the like in accordance with the standard forjudging 
the warming-up completion) set as the standard for 
judging the execution of each of the preheat controls, is 
different in accordance with the applied engine and sys- 
tem and the executing environment, and a design may 
be suitably changed in accordance with the used con- 
dition. 

[0314] Further, in each of the embodiments men- 
tioned above, the cooling water temperature (the engine 
outflow water temperature) THWex determined on the 
basis of the detected signal of the water temperature 
sensor 25a is exemplified as the parameter being rep- 
resentative of the temperature (the temperature state) 
of the engine 10. However, this is not limited, and it is 
possible to employ the cooling water temperature (the 
engine inflow water temperature) THWin determined on 
the basis of the detected signal of the water temperature 
sensor 25b or an average value between the engine in- 
flow water temperature THWin and the engine outflow 
water temperature THWex, as the parameter being rep- 
resentative of the temperature of the engine 1 0. Further, 
the structure may be made such that a detecting device 
for taking the other information reflecting the tempera- 
ture of the engine 10 or the temperature of the intake 
port 16 is provided in the engine system 100, and the 
temperature of the engine 10 is known on the basis of 
the information. For example, the structure may be 
made such that a sensor directly detecting the temper- 
ature of the engine 10 main body or the temperature 
within the intake port 16 is provided, or an oil tempera- 
ture sensor detecting an oil temperature of a lubricating 
oil is provided. 

[031 5] Further, the structure may be made such that 
the temperature state of the engine 10 is estimated on 
the basis of one or a plurality of parameters concerning 
various kinds of operation states of the engine system 
1 00 (for example, an elapsed time after starting the pre- 
heat, an intake air temperature, an engine output, an 
accumulated amount of load and the like). 
[0316] Further, the cooling system 20 of the engine 
system 100 applied in each of the embodiments men- 
tioned above is structured such that the circulating pas- 



sages for the cooling water are substantially independ- 
ently formed within the cylinder block 1 0a and within the 
cylinder head 1 0b. Fu rther, since the cooling water flows 
only through the circulating passage B between the heat 

5 accumulating device 21 and the cylinder head 10b dur- 
ing the preheat, in particular, near the intake port within 
the cylinder head by priority, the structure is made such 
that the temperature of the intake port is controlled in 
preference to the other portions. 

10 [031 7] On the contrary, for example, as an engine sys- 
tem 100' shown in Fig. 32, even in the case that the 
structure is made such that a cooling system 20' is pro- 
vided with a common cooling water circulating passage 
within the cylinder block 1 0a and the cylinder head 1 0b 

15 and the cooling water is circulated all around the engine 
1 0 during the preheat, it is possible to apply the invention 
so as to obtain the effect similar to that of each of the 
embodiments. 

[031 8] Further, for example, the invention may be ap- 

20 plied to an engine system 100" shown in Fig. 33. 

[031 9] In the engine system 1 00", as a part of a cool- 
ing system 20" thereof, a passage 20b and a passage 
20c are arranged in parallel in the middle of a circulating 
passage 20a circulating the cooling water through the 

25 engine 10, and the heat accumulating device 21 and the 
heating heater core 23 are provided in the middle of 
each of the passages. Further, the structure is made 
such that a flow amount of the cooling water flowing 
through the passage 20c can be freely controlled by the 

30 flow amount control valve 24A. In the engine system 
100" having the structure mentioned above, the cooling 
water within the cooling system 20" flows in opposite 
directions between the preheating time and the normal 
engine operating time. 

35 [0320] That is, during the preheat, the cooling water 
flows in Direction X shown by an arrow at each of the 
portions as shown in Fig. 33 due to the operation of the 
electric pump EP, and at the normal operating time, the 
cooling water flows in Direction Y shown by an arrow at 

40 each of the portions due to the operation of the mechan- 
ical type pump MP in such a manner as to take the cool- 
ing water within the engine 10. Further, when the me- 
chanical pump MP is driven in a fully closed state of the 
flow amount control valve 24, the cooling water circu- 

45 lates in a state of being substantially closed within the 
engine 10 (Direction Z shown by an arrow). It is possible 
to quickly warm up the cooling water temperature THW 
within the engine immediately afterthe engine is started 
according to the mode mentioned above. If the "preheat 

so control" according to each of the embodiments men- 
tioned above is commonly employed in the structure of 
the cooling system 20" mentioned above, it is possible 
to further increase the warming-up efficiency before and 
afterthe engine is started. 

55 [0321] Further, in each of the embodiments men- 
tioned above, the heat accumulating device according 
to the invention can be constituted by the cooling system 
20, 20' or 20" integrally forming with the engine 10, and 
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the ECU 30. On the contrary, as far as the device is 
structured such as to store the heat in any way and sup- 
ply the heat to the engine prior to the start of the internal 
combustion engine, it is possible to achieve the function 
of the heat accumulating device according to the inven- 5 
tion. In other words, it is possible to employ an device 
for storing the heat via an oil or the like as far as storing 
the heat and functioning as the heat source, and further, 
it is possible to employ an device for storing the heat as 
an electric power and an device for storing a chemical io 
material potentially containing the heat and suitably 
generating heat due to a chemical reaction, for the heat 
accumulating device. 

[0322] For example, as a method of supplying heat to 
the heat accumulating device, the structure may be ^ 
made such that an electric heater is provided within the 
heat accumulating device, and the heat transfer medium 
within the heat accumulating device is heated by an 
electric power output from the battery mounted on the 
vehicle. In this case, the electric power stored in the bat- 20 
tery may be obtained from an alternator provided in the 
engine or may be obtained at a regenerative braking 
time. Further, the structure may be made such that the 
supply passage for the engine oil is provided within the 
heat accumulating device so as to exchange heat be- 25 
tween the heat transfer medium in the heat accumulat- 
ing device and the engine oil at a time of normal 
traveling. Further, the structure may be made such that 
a temperature sensor is provided in the heat accumu- 
lating device so as to supply the heat to the heat transfer 30 
medium in the manner mentioned above when the tem- 
perature of the heat transfer medium within the heat ac- 
cumulating device becomes equal to or lower than a pre- 
determined temperature (for example, 80 °C). Further, 
as a method of supplying heat to the heat accumulating 35 
device, in the structure having the bypass passage A3 
as mentioned in the embodiments 1 to 13 mentioned 
above, the structure may be made such as to operate 
the electric pump EP so as to increase the temperature 
of the heat transfer medium when the temperature of 40 
the heat transfer medium within the heat accumulating 
device becomes equal to or lower than a predetermined 
temperature (for example, 80 degrees). 
[0323] Further, it is possible to employ the engine sys- 
tem structured such that the heat supply is executed by 45 
a radiant heat and a heat transmission from the heat 
accumulating device, or the other corresponding device 
constructions. 

[0324] Further, a subject to which the internal com- 
bustion engine provided with the heat accumulating de- so 
vice so as to execute the preheat is applied is not limited 
to the vehicle. 

[0325] Further, the internal combustion engine men- 
tioned above may be a so-called hybrid engine in which 
another drive means (for example, an electric type mo- 55 
tor) is further attached and a drive force is generated 
due to cooperation between the internal combustion en- 
gine and another drive means (a prime mover). In this 



case, for example, it is possible to perform control in 
such a manner that the driving operation is executed on- 
ly by another drive means, for example, until the heat 
supply (the preheat) from the heat accumulating device 
is completed. Then, a period that the driving operation 
is executed only by another drive means, in other words, 
a period until the heat supply is completed (in accord- 
ance with the preheat time). The period may be deter- 
mined by simply counting a preset time, or may be suit- 
ably determined on the basis of a distance along which 
the vehicle travels, for example, by another drive 
means. 

[0326] Further, if the invention is applied to every heat 
supplied body such as the other drive means (for exam- 
ple, the prime mover such as the electric type motor) as 
a single unit, the battery or the fuel cell for supplying the 
electric power to the electric type motor, the fuel injection 
valve, the transmission and the like, that is, the engine, 
the mechanism, the device, the drive circuit and the like 
which requires a certain degree of warming-up, in other 
words, heat supply for securing a preferable operation 
state, it is possible to obtain the same effect as or the 
similar effect to that of each of the embodiments men- 
tioned above in view of executing the control for optimiz- 
ing the operation state, particularly the operation state 
at a time of starting the operation. 
[0327] Then, in the case of controlling the operation 
state of the heat supplied body such as the internal com- 
bustion engine, the electric type motor, the fuel injection 
valve, the transmission and the like, whatever type of 
heat supplied bodies the invention is applied to, it is pos- 
sible to obtain the same effect as or the similar effect to 
that of each of the embodiments mentioned above by 
controlling (for example, inhibiting or allowing) various 
kinds of operation states such as the stop timing, the 
degree of the operation state (for example, an output 
state), the gear change ratio of the transmission and the 
like in addition to the start timing of each of the heat sup- 
plied bodies. 

[0328] In the embodiments mentioned above, the 
structure is made such that the preheat condition is set 
in the step S2 or the like when the preheat requirement 
is generated, however, in place thereof, the structure 
may be made such that a predetermined preheat stored 
in the ECU or the like is executed (for example, operat- 
ing the electric pump EP for 5 seconds) without setting 
the condition for the preheat when the preheat require- 
ment is generated. 

[0329] When the amount of heat stored in the heat ac- 
cumulating device (the temperature of the heat transfer 
medium in the heat accumulating device) becomes low- 
er than a predetermined value, according to the embod- 
iment which stops the heat supply to the internal com- 
bustion engine, it is possible to prevent the heat transfer 
medium that became unable to increase the tempera- 
ture of the internal combustion engine from being 
brought into contact with the internal combustion en- 
gine. In this case, since the warming-up process is con- 
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tinued as far as keeping the amount of heat capable of 
increasing the temperature of the internai combustion 
engine, the warming-up capability of the internal com- 
bustion engine obtained by the heat accumulating de- 
vice can be made good use to the full. s 
[0330] Further, according to the embodiment in which 
the internal combustion engine is automatically started 
after the executing period of the warming-up process 
has passed, it is possible to automatically execute a se- 
ries of operations executed from the start of the heat 10 
supply to the internal combustion engine to the start of 
the internal combustion engine without the manual op- 
eration of the driver. That is, a chance to utilize the 
warming-up effect by the heat generating device can be 
preferably and automatically secured. Accordingly, it is '5 
possible to start the operation of the internal combustion 
engine while intending to optimize the exhaust charac- 
teristics and the fuel economy performance at a time of 
starting the internal combustion engine, and without a 
troublesome operation for the driver 20 
[0331] According to the embodiment in which a start 
notifying means, which is provided within the engine 
room of the vehicle on which the internal combustion 
engine is mounted, for notifying the automatic start prior 
to the automatic start of the internal combustion engine, 25 
even in the case that the engine is opened, the notifica- 
tion is generated prior to the automatic start of the inter- 
nal combustion engine, and for example, the mainte- 
nance worker, the driver and the like present in the pe- 
riphery of the engine room can recognize that an auto- 30 
matic start of the internal combustion engine is expect- 
ed. Accordingly, the maintenance worker, the driver and 
the like mentioned above are not surprised with the un- 
expected start of the internal combustion engine. 
[0332] Further, according to the embodiment in which 35 
the internal combustion engine with the heat accumu- 
lating device is provided with the invalidating operation 
portion, which is provided within the engine room of the 
vehicle on which the internal combustion engine is 
mounted, for applying the operation of invalidating the 40 
automatic start of the internal combustion engine from 
outside of the internal combustion engine, the mainte- 
nance worker, the driver and the like of the internal com- 
bustion engine can optionally abandon the automatic 
start of the internal combustion engine as occasion de- 45 
mands. Accordingly, for example, it is possible to im- 
prove a convenience with respect to the maintenance 
operation or the like of the internal combustion engine. 
[0333] According to the embodiment provided with 
the open state recognizing means for recognizing so 
whether or not the engine room of the vehicle on which 
the internal combustion engine is mounted is in the open 
state, and the invalidating control means for controlling 
so as to invalidate the automatic start of the internal 
combustion engine in the case that it is recognized that 55 
the engine room is in the open state, in the case that the 
engine room is in the open state, the internal combustion 
engine is automatically started. Accordingly, the main- 



tenance worker, the driver and the like present around 
the engine room is not surprised by the unexpected start 
of the internal combustion engine. 
[0334] Further, according to the embodiment in which 
the inhibiting operation portion, which is provided within 
the engine room of the vehicle on which the internal 
combustion engine is mounted, for performing an oper- 
ation of inhibiting the execution of the control applied by 
the invalidating control means from outside of the inter- 
nal combustion engine, it is possible to effectively apply 
the automatic start of the internal combustion engine in 
accordance with an optional intention of the mainte- 
nance worker, the driver and the like of the internal com- 
bustion engine. Accordingly, it is possible to further im- 
prove the convenience for the maintenance worker, the 
driver and the like of the internal combustion engine. 
[0335] Further, according to the embodiment provid- 
ed with the starting means for starting the internal com- 
bustion engine in accordance with the predetermined 
operating signal during the execution of the warming-up 
process, it is possible to execute the engine start prior 
to the warming-up process, in accordance with the in- 
tention of the driver of the internal combustion engine. 
[0336] Further, according to the embodiment in which 
the period setting means sets the executing period of 
the warming-up process at a time of starting the warm- 
ing-up process, the executing period of the warming-up 
process is set at a time of starting the warming-up proc- 
ess. Accordingly, it is possible to accurately set the pe- 
riod for which the warming-up effect utilizing the heat 
accumulating device can be used to the full. Further, to- 
gether with setting the predetermined period, it is easy 
to control so as to inform the driver and the like of the 
internal combustion engine of, for example, the set con- 
tents. Accordingly, during the period for which the warm- 
ing-up process is executed, the driver and the like of the 
internal combustion engine does not feel any sense of 
discomfort or a physical stress. 
[0337] Further, according to the embodiment in which 
the period setting means sets the executing period of 
the warming-up process on the basis of parameters with 
respect to the temperature of the internal combustion 
engine, since the temperature of the internal combus- 
tion engine has a high correlation with the amount of 
heat required forthe internal combustion engine to com- 
plete the engine warming-up, it is possible to accurately 
set the period necessary and sufficient for completing 
the engine warming-up. That is, the driver of the internal 
combustion engine is not required to wait for a longer 
time than the predetermined period until the warming- 
up process is completed. 

[0338] Further, it is preferable that the parameters 
with respect to the temperature of the internal combus- 
tion engine include a temperature of a wall portion in the 
intake port. 

[0339] In the internal combustion engine, the state in 
which the warming-up process is completed corre- 
sponds to a state in which the engine is sufficiently 



29 



57 



EP1 172 538 A2 



58 



warmed up and the supplied fuel is sufficiently atomized 
even when the engine drive is performed. The state 
mentioned above has a high correlation with, for exam- 
ple, the temperature of the wall portion in the intake port 
having a substantially definite relation to the atomization 
of the supplied fuel. According to this embodiment, the 
parameter having a high reliability is added in view of 
judging the period until the warming-up is completed. 
Accordingly, the engine start takes place after the en- 
gine is reliably got out the cold state, so that it is possible 
to reliabiy cancel the deterioration of the exhaust char- 
acteristics and the fuel economy performance that are 
peculiar to the cold start time. 
[0340] Further, according to the embodiment in which 
the period setting means sets the executing period for 
the warming-up process on the basis of the temperature 
of the heat transfer medium, at a time of executing the 
warming-up process, the temperature of the heat trans- 
fer medium constituting the heat source for increasing 
the temperature of the internal combustion engine has 
a high correlation with the time required for the internal 
combustion engine to complete the engine warming-up. 
Accordingly, according to this embodiment, it is also 
possible to accurately set a necessary and sufficient pe- 
riod for completing the engine warming-up. That is, the 
driver of the internal combustion engine is not required 
to wait for a longer time than the predetermined period 
until the warming-up process is completed. 
[0341] In this case, the temperature of the internal 
combustion engine and the temperature of the heat 
transfer medium determine the period required for com- 
pleting the engine warming-up, as the mutually inde- 
pendent parameters. Accordingly, if the executing peri- 
od of the warming-up process is set by referring to both 
of the parameters, it is possible to further accurately set 
the period necessary and sufficient for completing the 
engine warming-up. 

[0342] Further, according to the embodiment in which 
the pump for transferring the heat transfer medium from 
the heat accumulating device to the internal combustion 
engine is provided and the period setting means sets 
the executing period of the warming-up process on the 
basis of the transfer speed of the heat transfer medium, 
since the transfer speed of the heat transfer medium is 
associated with the heat transfer speed from the heat 
accumulating device to the internal combustion engine, 
according to this embodiment, it is also possible to fur- 
ther accurately set the period necessary and sufficient 
for completing the engine warming-up. In this case, the 
means for changing the transfer speed of the heat trans- 
fer medium may be added to the embodiment men- 
tioned above, and the period necessary for completing 
the engine warming-up may be controlled to the desired 
length. 

[0343] Further, according to the embodiment in which 
the electric pump for transferring the heat transfer me- 
dium from the heat accumulating device to the internal 
combustion engine is provided and the period setting 



means sets the executing period of the warming-up 
process on the basis of the drive voltage applied to the 
electric pump, in the case that the electric pump is em- 
ployed for the means for transferring the heat transfer 

s medium, the drive voltage applied to the electric pump 
determines at least one of the transfer speed and the 
flow amount of the heat transfer medium. Since the 
transfer speed of the heat transfer medium is associated 
with the heat transfer speed from the heat accumulating 

w device to the internal combustion engine, according to 
this embodiment, it is also possible to further accurately 
set the period necessary and sufficient for completing 
the engine warming-up. 

[0344] Further, according to the embodiment provid- 
es ed with the finish timing setting means for setting the 
finish timing of the executing period of the warming-up 
process after the warming-up process takes place, the 
proper finish timing of the warming-up process can be 
determined in accordance with the actual warming-up 
state. Accordingly, with respectto the warming-up proc- 
ess of the internal combustion engine performed by the 
heat accumulating device, a reliability can be improved. 
[0345] Further, according to the embodiment in which 
the finish timing setting means sets the finish timing of 
the executing period of the warming-up process on the 
basis of the parameter with respect to the temperature 
of the internal combustion engine, since the proper fin- 
ish timing of the warming-up process is determined on 
the basis of the parameter accurately reflecting the de- 
gree of progress of the warming-up, in accordance with 
the actual warming-up state, a reliability can be further 
improved in connection to the warming-up process of 
the internal combustion engine performed by the heat 
accumulating device. 

[0346] Further, it is preferable that there is provided 
with the discharge portion for discharging the supplied 
heat transfer medium, and the parameters with respect 
to the temperature of the internal combustion engine in- 
clude the temperature of the heat transfer medium dis- 
charged from the internal combustion engine through 
the discharge portion. 

[0347] At a time of executing the warming-up process, 
if an efficient heat exchange is executed between the 
internal combustion engine and the heat transfer medi- 
um, the heat transfer medium is supplied to the internal 
combustion engine from the heat accumulating device. 
Then, the temperature of the heat transfer medium is 
simply reduced during a series of processes that the 
heat transfer medium is discharged from the internal 
combustion engine after exchanging heat with the inter- 
nal combustion engine. Further, since the more the tem- 
perature of the internal combustion engine is increased 
so as to be closer to the temperature of the heat transfer 
medium, the less the amount of heat exchanged be- 
tween the internal combustion engine and the heat 
transfer medium, the temperature of the heat transfer 
medium discharged from the internal combustion en- 
gine becomes increased. As a result, the temperature 
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of the heat transfer medium discharged from the internal 
combustion engine is the lowest temperature observed 
in the transfer path of the heat transfer medium from the 
heat accumulating device to the internal combustion en- 
gine, and corresponds to the parameter accurately re- 5 
fleeting the temperature of the internal combustion en- 
gine at that time. Accordingly, for example, in the case 
that the temperature of the heat transfer medium at a 
time of being discharged from the internal combustion 
engine exceeds the predetermined temperature, it is 10 
supposed that the temperature of the internal combus- 
tion engine main body is also sufficiently increased. Ac- 
cording to this embodiment, an accurate information 
with respect to the timing of the warming-up finish can 
be reflected to the control of the warming-up process by '5 
setting the finish timing of the executing period of the 
warming-up process with reference to the temperature 
of the heat transfer medium observed at a portion having 
the lowest temperature of the heat transfer medium 
among the transfer path of the heat transfer medium 20 
from the heat accumulating device to the internal com- 
bustion engine. 

[0348] Further, according to the embodiment in which 
the warming-up process communicating means is pro- 
vided with execution notifying means for giving at least 25 
one of a visual and auditory notification as a guide that 
the warming-up process is executed, within the passen- 
ger compartment of the vehicle on which the internal 
combustion engine is mounted, for example, the driver 
and the like of the internal combustion engine can easily 30 
and reliably recognize (conform) that the warming-up 
process is executed. 

[0349] Further, according to the embodiment provid- 
ed with the judging means forjudging whether or not the 
warming-up process should be executed, and the inex- 35 
ecution notifying means for notifying in at least one of a 
visual and auditory manner that the warming-up process 
is not executed in the case that the judging means judg- 
es that the warming-up process should not be executed, 
in the case that the warming-up process is not executed 40 
under the positive judgement by the judging means, the 
driver and the like of the internal combustion engine 
does not erroneously recognize, for example, that the 
heat accumulating device is out of order or the like by 
recognizing the judged result. 45 
[0350] Further, according to the embodiment in which 
the execution of the warming-up process is started in 
accordance with the communication signal from outside 
of the vehicle on which the internal combustion engine 
is mounted, since the driver of the internal combustion so 
engine can freely execute the warming-up process ac- 
cording to the remote operation or the like, the conven- 
ience is improved at a time of executing the warming- 
up process. 

[0351] Further, it is preferable that the execution of the 55 
warming-up process takes place in accordance with the 
predetermined operation applied to the vehicle on which 
the engine is mounted, prior to the start of the internal 



combustion engine. 

[0352] In this case, according to the embodiment in 
which the predetermined operation selects the neces- 
sary operation prior to the engine start or the operation 
sufficiently and reliably reproduced at the period from 
the timing of the operation to the timing of the engine 
start, at a time of executing the warming-up process, a 
quantitatively stable executing period can be secured 
even before the engine start takes place. Accordingly, 
an efficiency of the warming-up process can be 
achieved. 

[0353] In this case, the embodiment mentioned above 
can be combined as much as possible. 
[0354] In this case, the heat transfer medium accord- 
ing to the present embodiment may employ the other 
medium such as an oil than the water. Further, the en- 
gine start of the invention means every related opera- 
tions including an incidental motion executed together 
with the initial motion of the engine itself mentioned 
above such as the ignition key operation, the pedal op- 
eration, the stirring wheel operation and the like on the 
basis of the intention of the driver, or the combination of 
the various kinds of related motions, in addition to the 
initial motion which the engine itself executes at a time 
of starting the operation, for example, the fuel supply 
starting motion, the ignition starting motion, the output 
shaft rotation starting motion and the like. Further, exe- 
cuting the warming-up process according to the inven- 
tion means the embodiment that at least the warming- 
up process is started. 

[0355] An electronic control unit (ECU) (30) of an en- 
gine system (100) starts a control (preheat) for supply- 
ing heat reserving hot water stored in a heat accumu- 
lating device (21) to an engine (10) prior to an engine 
start. The ECU (30) determines a time for continuing the 
preheat on the basts of a cooling water temperature of 
the engine (10) so as to execute the engine start after 
a warming-up of the engine (1 0) is reliably finished. Fur- 
ther, during the execution of the preheat, a lighting lamp 
(28) is turned on, and that incidence is recognized to a 
driver. When the preheat is completed, the ECU (30) au- 
tomatically starts the engine (10). 



Claims 

1 . An internal combustion engine with a heat accumu- 
lating device (21) for storing a heat, in which said 
heat stored in said heat accumulating device is sup- 
plied through a predetermined heat transfer medi- 
um, whereby a warming-up process is executed be- 
fore said engine is started, characterized by further 
comprising: 

period determining means (30) for determining 
an executing period of said warming-up proc- 
ess; and 

warming-up process communicating means 
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(28, 29, 28\ 28a) for communicating that said 
warming-up process is executed during a peri- 
od that said warming-up process is executed. 

2. An internal combustion engine with a heat accumu- 5 
lating device according to claim 1 , characterized 

by further comprising start operation invalidating 
means (205) for canceling said start operation of 
said internal combustion engine during said execut- 
ing period of said warming-up process. 10 

3. An internal combustion engine with a heat accumu- 
lating device according to claim 2, characterized 
in that said heat is supplied to said internal com- 
bustion engine through a predetermined heat trans- *5 
fer medium, even after said executing period for 
said warming-up process. 

4. An internal combustion engine with a heat accumu- 
lating device according to claim 3, characterized 20 
in that said heat supply to said internal combustion 
engine (1 0) through said predetermined heat trans- 
fer medium is stopped in synchronized with said 
starting timing of said internal combustion engine 
(10). ^ 25 

5. An internal combustion engine with a heat accumu- 
lating device according to claim 2, characterized 
in that said heat supply is stopped when an amount 

of heat stored in said heat accumulating device (21 ) 30 
becomes lower than a predetermined value. 

6. An internal combustion engine with a heat accumu- 
lating device according to any one of claims 1 to 5, 
characterized by further comprising start control 35 
means (30) for automatically starting said internal 
combustion engine (10) after said executing period 

of said warming-up process has passed. 

7. An internal combustion engine with a heat accumu- 40 
lating device according to claim 6, characterized 

by comprising start notifying means (28\ 28a) for 
notifying said start of said internal combustion en- 
gine prior to said automatic start of said internal 
combustion engine (1 0) 45 
wherein the start notifying means is provided within 
an engine room of said vehicle to which said internal 
combustion engine (10) is mounted. 

8. An internal combustion engine with a heat accumu- so 
lating device according to claim 6 or 7, character- 
ized by further comprising a invalidating operation 
portion (204) for applying an operation of invalidat- 
ing said automatic start of said internal combustion 
engine (1 0) from outside, ss 
wherein the invalidating operation portion is provid- 
ed within said engine room (201) of said vehicle on 
which said internal combustion engine is mounted. 



9. An internal combustion engine with a heat accumu- 
lating device according to any one of claims 6 to 8, 
characterized by further comprising: 

open state recognizing means (204) for recog- 
nizing whether or not said engine room of said 
vehicle on which said internal combustion en- 
gine is mounted is in an open state; and 
invalidating control means (30) for controlling 
so as to cancel said automatic start of said in- 
ternal combustion engine in said case that it is 
recognized that said engine room is in said 
open state. 

10. An internal combustion engine with a heat accumu- 
lating device according to claim 9, characterized 
by further comprising an inhibiting operation portion 
(205) for performing an operation of inhibiting said 
execution of said control applied by said invalidating 
control means (204) from outside 

wherein the inhibiting operation portion is provided 
within said engine room (201) of said vehicle on 
which said internal combustion engine (10) is 
mounted. 

1 1 . An internal combustion engine with a heat accumu- 
lating device according to any one of claims 1 to 10, 
characterized by further comprising starting 
means (30) for starting said internal combustion en- 
gine (1 0) in accordance with a predetermined oper- 
ating signal during said execution of said warming- 
up process. 

12. An internal combustion engine with a heat accumu- 
lating device according to any one of claims 1 to 11 , 
characterized in that said period setting means 
(30) sets said executing period of said warming-up 
process at a time of starting said warming-up proc- 
ess. 

13. An internal combustion engine with a heat accumu- 
lating device according to claim 12, characterized 
in that said period setting means (30) sets said ex- 
ecuting period of said warming-up process on said 
basis of a parameter with respect to a temperature 
of said internal combustion engine (10). 

14. An internal combustion engine with a heat accumu- 
lating device according to claim 13, characterized 
in that said parameters with respect to said tem- 
perature of said internal combustion engine (1 0) in- 
clude a temperature of a wall portion (16) in said 
intake port, 

15. An internal combustion engine with a heat accumu- 
lating device according to any one of claims 12 to 
14, characterized in that said period setting 
means (30) sets said executing period for said 
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warming-up process on said basis of said temper- 
ature of said heat transfer medium. 

16. An internal combustion engine with a heat accumu- 
lating device according to any one of claims 1 2 to 5 
15, characterized by further comprising a pump 
(EP) for transferring said heat transfer medium from 
said heat accumulating device (21) to said internal 
combustion engine, 

wherein said period setting means (30) sets said ex- 10 
ecuting period of said warming-up process on said 
basis of a transfer speed of said heat transfer me- 
dium. 

17. An internal combustion engine with a heat accumu- 15 
lating device according to any one of claims 1 2 to 

1 5, characterized by further comprising an electric 
pump (EP) for transferring said heat transfer medi- 
um from said heat accumulating device (21) to said 
internal combustion engine (10), 20 
wherein said period setting means sets said exe- 
cuting period of said warming-up process on said 
basis of a drive voltage applied to said electric pump 
(EP). 

25 

18. An internal combustion engine with a heat accumu- 
lating device according to any one of claims 1 to 1 0, 
characterized by further comprising: finish timing 
setting means (30) for setting a finish timing of said 
executing period of said warming-up process after 30 
said warming-up process takes place. 

19. An internal combustion engine with a heat accumu- 
lating device according to claim 18, characterized 

in that said finish timing setting means (30) sets 35 
said finish timing of said executing period of said 
warming-up process on said basis of said parame- 
ter with respect to said temperature of said internal 
combustion engine (10). 

40 

20. An internal combustion engine with a heat accumu- 
lating device according to claim 19, characterized 
by further comprising a discharge portion for dis- 
charging said supplied heat transfer medium, 
wherein said parameters with respect to said tern- 45 
perature of said internal combustion engine (1 0) in- 
clude a temperature of said heat transfer medium 
discharged from said internal combustion engine 
(10) through said discharge portion. 

50 

21 . An internal combustion engine with a heat accumu- 
lating device according to any one of claims 1 to 20, 
characterized in that said warming-up process 
communicating means (30) comprises execution 
notifying means (28, 29, 28', 28a) for giving at least 55 
one of a visual and auditory notification as an advice 
that said warming-up process is executed, 

wherein the execution notifying means is provided 



within a passenger compartment of said vehicle on 
which said internal combustion engine (10) is 
mounted. 

22. An internal combustion engine with a heat accumu- 
lating device according to any one of claims 1 to 21 , 
characterized by further comprising: 

judging means (30) forjudging whether or not 
said warming-up process should be executed; 
and 

inexecution notifying means (28b, 28c) for no- 
tifying in at least one of a visual and auditory 
manner that said warming-up process is not ex- 
ecuted in said case that said judging means 
(30) judges that said warming-up process 
should not be executed. 

23. An internal combustion engine with a heat accumu- 
lating device according to any one of claims 1 to 22, 
characterized in that said execution of said warm- 
ing-up process is started in accordance with a com- 
munication signal from outside of said vehicle (200) 
on which said internal combustion engine (10) is 
mounted. 

24. An internal combustion engine with a heat accumu- 
lating device according to any one of claims 1 to 14, 
characterized in that said execution of said warm- 
ing-up process takes place in accordance with said 
predetermined operation applied to said vehicle 
(200) on which said engine (10) is mounted, prior 
to said start of said internal combustion engine (1 0). 
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